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The CORS-ORSA 
1964 Joint Conference 


Montreal, Canada. May 27-29, 1964 
REGISTRATION INFORMATION 


Registration 


The registration desk will be located in the foyer of the convention floor of the 
Queen Elizabeth Hotel. The registration schedule will be: 
Tuesday, May 26th 5:00 p.m. to 10:00 p.m. 
Wednesday, May 27th 8:00 a.m. to 10:00 a.m. 
A Hospitality Room will be open on Tuesday evening and Wednesday morning 
where speakers can meet with their session chairman. 


* Fees 
Registration Functions 

Member $10.00 Luncheon, Wednesday $4.25 

Non-member $15.00 Wine & Cheese Testing 

Student $2.00 Party, Wednesday $5.00 
Reception, Thursday $2.00 
Banquet, Thursday $6.50 
Luncheon, Friday $4.25 

* Canadian Funds. 


Advance Registration 


Advance registration is encouraged. It will enable you to pay fees and receive 
materials at the pre-registration desk with minimum inconvenience. А list of all 
advance registrants will be distributed at the meeting. Do not pay fees in ad- 
vance. Please mail completed meeting registration cards to: 

Dr. G. Cavapias, 

Graduate School of Business, 
McGill University, 

1020 Pine Avenue West, 
MONTREAL, Р.О. 
CANADA. 


Accommodation 


A block of rooms has been reserved at the Queen Elizabeth Hotel, on Dorchester 
Boulevard, Montreal, P.Q. A reservation card is included with this bulletin and, 
when completed, should be sent directly to the hotel. 
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The hotel has excellent parking accommodations for all guests and is located 
in the heart of down-town Montreal. The Hotel itself, (60 on the tourist map 
included with the Bulletin), is at the corner of Dorchester and Mansfield streets, 
opposite the Place Ville Marie, Montreal’s largest skyscraper, and adjacent to 
the Canadian National Railways Central Station and the airlines limousine termi- 
nal at Dorchester and University. 

Additional rooms have been reserved at the Laurentien Hotel (64 on the шар) 
at Dorchester and Windsor streets, one block from the Queen Elizabeth. Other 
nearby hotels are the Windsor, (54 on the map) Windsor St. just north of Dor- 
chester and the Sheraton Mount Royal (47) at Peel and Burnside. 

The closest motel is the Martinique Motor Inn, opening May 15th at 1005 Guy 
St. near Dorchester. 

Accommodation at the Queen Elizabeth is limited for the night of Tuesday, 
May 26th. АП hotel reservations should reach the hotel at least 14 days before 
the room is required. 


Transportation 


Limousine service goes directly between the hotel and the Dorval airport. 
Passenger train services arrive at either Central Station or Windsor Station. 


Employment Notices 


As in the past, employers will be permitted to display notices of available posi- 
tions in Operations Research. However, such notices must be given to the Facili- 
ties Chairman, Mr. C. E. Law, for posting; and are limited to maximum dimen- 
sions of 86 inches in height and 11 inches in width. 


Lady’s Program 


Delegates are encouraged to bring their wives. Montreal provides excellent 
shopping and has many points of interest including an Art Gallery, Wax Warks 
and numerous museums. It also has a number of good antique shops and smeller 
private art galleries. 

A complete, yet optional lady’s program is being arranged, whereby wives ance 
they have indicated their preferred activities, will be assigned to a hostess, who 
will escort them around the city. 


Copies of Papers 


Requests for copies of papers should be made directly to the authors. 
Their addresses are given in the body of the program schedule. Do not 
write to the Program Chairman, Secretary of the Society or the Editor of 
the Bulletin; they do not have copies of papers available for distribution. 


СОМЕЕВЕМСЕ СОММІТТЕЕ 


Chairman: Dr. P. J. SANDIFORD, 
Graduate School of Business, McGill University 
1020 Pine Avenue West, Montreal, P.Q. 
Co-Chairman: Р. JEANNIOT, 
Trans Canada Air Lines, TCA Base, 
Montreal Airport, Dorval, P.Q. 
Program: J. А. KENNERLEY, 
J. Kates & Associates, A Division of KCS Limited 
1170 Beaver Hall Square, Montreal 2, P.Q. 
Facilities: С. Е. Law, 
На. Canadian National Railways, Р.О. Box 8100, 
Montreol 2, P.Q. 
Dr. У. В. BLACKMORE, 
Canadian Industries Limited, P.O. Вох 10, 
Montreal 8, Р). 
J. W. JOHNSON, 
На. Canadian National Railways, Р.О. Box 8100, 


Montreal 2, PQ. 

Finance: D. J. Номлвр, 
% P. 5. Ross & Partners, Place Ville Marie, 
Montreal 2, PQ. 

Publicity: Dr. G. CAVADIAS, 


Graduate School of Business, McGill University, 
1020 Pine Avenue West, Montreal, P.Q. 
К. SCHWEIGER, 
Univac Division, Remington Rand, 
700 Lagauchetiere St. West, Montreal, P.Q. 
W. В. Exon», 
Univac Division, Remington Rand, 
700 Lagauchetiere St. West, Montreal, Р.О. 
Davi» Homa, 
Pierre Demers, 4815 Carlton Avenue, Montreal, P.Q. 
С. LAFONTAINE, 
Engineering Institute of Canada, 
2050 Mansfield Avenue, Montreal, P.Q. 
Transportation & 
Science Section 
Program Chairman: Р. Wirsow, 
Canadian National Railways, P.O. Box 8100, 
Montreal, P.Q. 
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SESSION CHAIRMEN 


CHAIRMEN FOR TECHNICAL SESSIONS 


2Wa. 
2Wb. 
2We. 


2Wd. 
3Wa. 


3Wb. 
3We. 
3Wd. 


3We. 


4Wa. 
4Wb. 
4Wc. 


4Wd. 


4Wd'. 


ITa. 


ITb. 


И. 


ІТа. 


2Та. 


2Tb. 


Ацес Lex, Director of Operational Research, Trans-Canada Air Lines, 
Place Ville Marie, Montreal, P.Q., Canada. 

Bren Вевмногл», Department of Industrial Engineering, University of 
Toronto, Toronto 5, Ont., Canada. 

R. С. Вегснев, Canadian International Paper, 2020 Sun Life Building, 
Montreal, P.Q., Canada. 

Jack B. Coursey, Research Triangle Institute, Durham, North Carolina. 

Аївс Ler, Director of Operational Research, Trans-Canada Air Lines, 
Place Ville Marie, Montreal, P.Q., Canada. 

Ben BznNHOLTZ, Department of Industrial Engineering, University of 
Toronto, Toronto 5, Ont., Canada. 

В. G. Вкгснєв, Canadian International Paper, 2020 Sun Life Building, 
Montreal, P.Q., Canada. 

Warrer HELLY, The Port of New York Authority, 111 Eighth Avenue, 
at 15ih Sireet, New York, N. Y. 

Waurer Epwarp Cussen, Institute of Defense Analysis, Economics and 
Political Studies Division, 1666 Connecticut Avenue N.W., Washington 
9, D. C. 

ALEC Ler, Director of Operational Research Trans-Canada Air Lines, Place 
Ville Marie, Montreal, P.Q., Canada. 

Ben Bernuourz, Department of Industrial Engineering, University of 
Toronto, Toronto 5, Ont., Canada. 

Е. L. Lgzsz, Director, Operational Research Services (Air), R.C.A.F. Head- 
quarters, Ottawa, Ont., Canada. 

Waurer Нему, The Port of New York Authority, 111 Eighth Avenue 
at 15th Street, New York, N. Y. 

Вовевт Herman, Research Laboratories, General Motors Corporation, 
Warren, Michigan. 

Davi» Novick, Head—Cost Analysis Department, RAND Corporation, 
1700 Main Street, Santa Monica, California. 

Ноан Miser, The Mitre Corporation, Р.О Box 208, Bedford, Massachu- 
setts. 

Peter SANDOR, J. Kates & Associates, “A Division of КОВ Limited’, 
ECS Building, 20 Spadina Road, Toronto 4, Ont., Canada. 

Davin Evans, Research Laboratories, General Motors Corporation, Warren, 
Michigan. 

Davi» Novick, Head—Cost Analysis Department, RAND Corporation, 
1700 Main Street, Santa Monica, California. 

Huen Miser, The Mitre Corporation, Р.О. Вох 208, Bedford, Massachu- 
setts, 
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Session Chairmen 


Ретев Sanpor, J. Kates & Associates, “A Division of KOS Limited", 
KCS Building, 20 Spadina Road, Toronto 4, Ont., Canada. 

Davip Evans, Research Laboratories, General Motors Corporation, Warren, 
Michigan. 

Тонм В. WALTER, Stevenson & Kellogg, 150 Eglinton Avenue E., Toronto, 
Ont., Canada. 

Е. W. Paxson, The RAND Corporation, 1700 Main Street, Santa Monica, 
California. 

Hyman KaurMAN, Mathematics Department, McGill University, Montreal, 
P.Q., Canada. 

Joun Gratwicx, Canadian National Railways, Р.О. Вох 8100, Montreal 
2, P.Q., Canada. 

JouN В. WALTER, Stevenson & Kellogg, 160 Eglinton Avenue E., Toronto, 
Ont., Canada. 

E. W. Paxson, The RAND Corporation, 1700 Main Street, Santa Monica, 
California. 

Hyman Kavurman, Mathematics Department, McGill University, Montreal, 
P.Q., Canada. 

Тонм GnATWICK, Canadian National Railways, Р.О. Box 8100, Montreal 
2, P.Q., Canada. 

К. J. Raprorp, Defense Research Board, Ottawa, Ont., Canada. 

Martin Г. Ernst, Arthur D. Litile, Acorn Park, Cambridge 40, Massa- 
chuselts. 

JACQUES ©т-РтЕвв®, Professor of Statistics, Université de Montréal, Р.О. 
Box 6128, Montreal, P.Q., Canada. 

Davin М. Homa, Demers, Homa, Baby, Consulting Engineers, 4815 Carlton 
Avenue, Montreal 26, P.Q., Canada. 

К. J. Клрғовр, Defense Research Board, Ottawa, Ont., Canada. 

Martin Г. Ernst, Arthur D. Little, Acorn Park, Cambridge 40, Massa- 
chusetts. 

Jacques St-Pierre, Professor of Statistics, Université de Montréal, P.O. 
Box 6128, Montreal, P.Q., Canada. 

Euizaseta Влвттзсн, Chemcell (1963) Limited, 1155 Dorchester Boule- 
vard W., Montreal 2, P. Q. 

Perser Е. Wann, Price Waterhouse & Company, 606 Cathcart Street, Mon- 
treal 2, P.Q., Canada. 

H. J. С. Унигтом, Co-ordinator, Management Information Systems, Trans- 
Canada Air Lines, Place Ville Marie, Montreal, P.Q., Canada. 

CHARLES Јомеѕ-МніттЕҮ, Northern Electric Co. Lid., P.O. Bou 6128, Mon- 
treal, P.Q., Canada. 

Euizapera Вавіт8сн, Chemcell (1963) Limited, 1155 Dorchester Boule- 
vard W., Montreal 2, Р. 9. 

A. Ровтев, Department of Industrial Engineering, University of Toronte, 
Toronto 5, Ont., Canada. 

CnmannEs Jones-Wurirrey, Northern Electric Co. Ltd., Р.О. Вот 6128, 
Montreal, P.Q., Canada. 


Synopsis of Meeting E- 


4Fd. С. E. Law, Canadian National Railways, Р.О. Box 8100, Montreal, P2., 
Canada. 


CHAIRMEN OF OTHER FUNCTIONS: 


CORS Presidential Address—Artuur У. PORTER, 

Chairman: Joun В. WALTER 
ORSA Business Meeting: 

Chairman: ALEXANDER М. Моор 
Banquet. — SOVIET RESEARCH”: Dr. О. M. Souanpt 
ORSA Presidential Address—ALEXANDER М. Моор 

Chairman: Gorvon D. SHELLARD 


SYNOPSIS OF THE CORS/ORSA MONTREAL MEETING 


A fold-out attached to the inside back cover of this issue of the Bulletin provides 
a complete Synopsis of the Montreal Meeting. 

The reader will note that a special Program Code has been devised by the Con- 
ference Committee to ease the usual problems of locating desired papers and the 
time of their presentation. This code has been applied uniformly in the Synorsis, 
Index of Participants, Program, and Abstracts. Thus, complete cross-reference is 
available. 

The Program code indicates (from left to right) the time block, day of session, 
room location, and paper number within session. An asterisk (*) before any ререг 
indicates that it is invited, rather than contributed. 

Time blocks 1 and 2 are in the morning; blocks 3 and 4 are in the afternoon. The 
code W, T, or Е, indicates Wednesday, Thursday, or Friday. The room locatzons 
are designated a, b, c, d, ore. These rooms, all on the main convention floor of the 
Queen Elizabeth, are marked by large signs (see Synopsis) indicating their alpha- 
betic designation. 

Ав an example, 3Ta.2 (the illustrative case given in the Synopsis) indicates this 
paper will be given between 2:00-3:30 in the afternoon, on Thursday, in Room a, 
and is the second paper in that time block. Reference to the Program listing indi- 
cates this paper to be Stochastie Nature of Military Cost Analysis, by ALERED 
G. Aswan, Douglas Aircraft Company, Inc., Santa Monica, California. 

In the Program, papers are listed in the sequence: day, time block, room, paper 
number. In the fold-out Synopsis, the same order is preserved with а page for each 
day, a colume for each time block, and a row for each room location. Gereral 
Session titles appear in the Synopsis: for detailed paper and author listing within 
a given session, the main body of the Program must be consulted. 


INDEX OF PARTICIPANTS 


ABRAMS, J. W., 3Fa. 3 * ENRICK, N. L.: 2Wd. 3 
Авт, K.: 4Fd. 2 * Ewasnko, T. A.: 2Fa. 2 
Apams, C. W.: 2Fb. 2 Fracco, А. V.: ЗТе. 2 
Aenew, M. J.: 1Ёа. 1 Frees JR., H. R.: ЗЕе. 1 
ALDEN, W. L.: 3Fb. 3 Евзнвовм, P. C.: 2We. 4 
ALEXANDER, M. H.: IFa. 1 Еовртск, G.: ЗТа. 1 
ALFANDARY-ALEXANDER, М.: FnrEDMAN, H. D.: 1Fc. 1 
ЗКе. 2 ж FRIEDMAN, R. J.: 2Ta. 1 

ANCKZR, C. J.: IFd. 3, ТЕЧ. 3’ GAFARIAN, А. V.: ТЕЧ. 3' 
ANDERSON, J.: 3Fd. 2 GALMARINO, А. R.: 3We. 1 
Aswan, A. G.: ЗТа. 2 * Gaver, D. P.: Td. 1 

* AURAND, E. P.: 2Ta. 2 * блл, D. C.: 4Wd. 2 
AvI-ITZHAK, В.: 2Fc. 1 СтАммо, T. P.: 1Fc. 2 

з BAGrow, R. L.: 2Fa. 2 Garnrgs, D. К. A.: IFa. 3 
Влимтғү, J. L.: 2Те. 2 ж GIULIANO, У. E.: 2Fb. 1 
BrENHAKKER, Н. L.: 2Te. 3; *Graszm, E.: 1Fb. 2 

3Fb. 1 GREENBERG, H.: 3Fa. 2 

Benson, F.: ЗЕ с. 3 з GREENBERG, H.: 3Wd. 2 
Brenner, M. E.: 3 Wa. 1 GREENBERG, I.: 3Fa. 2 
Вноокз, F. C.: 2Wa. 2 GRINDLAY, A.: 1Fc. 3 
Волосков, T.: 4Ta. 3 Grossman, Е. I.: 4Те. 3 
Burnus, В, F.: 3We. 4 Совет, М. T.: 3Fe. 3 
Вохтом, J. N.: 4\а. 4 GursrADpT, L. R.: 4Та. 1 
CALDWELL, В. R.: 2Fa. 1 HALDANE, E. A. R.: 3Fe. 1 
Cawsy, В. A.: 2Fa. 1 Hanon, В. B.: 3Fd. 3 
CHARNZES, А.: 2We. 1 Haver, S.: 4We. 1 
CLAPHAM, J. C., 3Td. 1 * Ним, W.: ITd. 3 
Старр, G. D.: 3Td. 3 HENDERSON JR., Р. B.: 3Fb. 2 
Crioueu, D. J.: 2Wc. 3 Herman, R.: 3 Wd. 3 
Соскнпа,, G. L.: 4Wb. 2 Невзнает, A.: 3We. 2 
COLEMAN, J. J.: IFc. 2 Hrrcuman, N.: 2Fd. 3 

* CounsEY, J. B.: 2Wd. 1 * Норѕом, J. L.: 2Fa. 3 
Corts, J.: 2Fd. 1 Jackson, A. S.: 4Wa. 1 
CRUMBINE, P. J.: 4Fa. 2 Jackson, J. T. R.: ЗКа. 1 

* Daov, А.: 3Wd. 1 ж JACQUEMAIN, G. V.: 2Td. 2 
Юлутрвон, H. J.: 2We. 1 Јонмѕом, D. W.: 1Те. 3 
Dicxison, У. E.: 3Ta. 3 Јоквсн, H. С.: 2Te. 1 
Drxon, R. M.: 3Ta. 3 JosuyN, W. A.: 2Wa. 4 
DunsrINE, R. M.: IFd. 2 * Kates, J.: 2Wb. 1 
ELMAGHRABY, В. E.: 4Те. 1 ж Kxnavas, E. C.: 2Fa. З 


* Means invited session or discussant. 
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Index of Participants 


Кіма, W. R.: ЗТе. 3 
KozNwicsBEnG, E.: 2Fc. 2 
* KooMANOFF, Е. A.: 2Td. 3 
Ковмвгон, M.: 4Wa. 3 
КовтАмик, K.: 2We. 1 

* Laca, D. C.: 2Td. 2 
Ідвкі, J. G.: 4Wa. 4 

* Law, C. E.: 2Т4. 2 

* Ler, А. M.: 2Td. 1 
Lemos, F.: Fd. 4 
Lercus, H.: 4Те. 3 

Levy, J.: 2Fe. 3 

* LiNpzR, В. W.: 2Td. 1 
Link, В. F.: 4We. 4 
Ілмѕтоме, Н. A.: 2Fd. 2 
Ттт, J. D. C.: 4Td. 2 
Томамтви, В. M.: 2Wa. 3 
Macponar», J. S.: 3Fd. 1 
Martino, В. L.: 4Fd. 1 
Mason, Е. D.: 4We. 2 
MaxwzrnL, У. 1.: 26е. 1 
* May, А. D.: 1Td. 2 

* МсАвтнок, D. S.: 2Wd. 4 
McCormick, G. P.: 3Te. 2 
Мевкдыло, R. A.: Ма. 3 
* Muer ПТ, С. F.: 2Wd. 4 
Muer, L. W.: 2Fe. 1 
Morean, J. T.: 4Td. 2 
MORGENTHALER, G. F.: 3Ta. 1 
Мовне, R. V.: 4%а. 1 
MuzuER-Mzana2ACH, H.: ІТе. 1 
Naor, P.: 4Td. 1 

Naron, J. C.: 3Wa. 2 
Naus, J. I.: 4Wb. 1 

* Nevison, R. D.: 2Wb. 2 

* NEWELL, G. F.: ITd. 4 

ж NISKANEN, W. A.: ITa. 1 
Novosan, R. 8.: 3Ta. 1 
O’Hara, J. E.: 4Wa. 3 

* Ports, В. B.: I Td. 4 
Quon, J. E.: ITe. 2 
RuiANHARD JR., L.: 2We. 2 


Ruwer ПІ, W.: 3Wa. 3 

* Ковент, J. E.: Fa. 2 
Вовиллвь, P.: 4Td. 1 
Roszw, L. R.: 4Ке. 2 

ж Вотнену, R.: 3Wd. 3 
Ryan, J. T.: Fd. 4 

* ScHAFFIR, К. H.: 2Wd. 2 
Scorr, D. L.: 4Fe. 3 
SEBRING, Н. C.: 3We. 3 

з SILVER, R.: 3Wd. 3 
Stang, M.: 41d. 4 

* Stearns, С. M.: IFb. 1 
SrEGER, W. A.: 4Wa. 2 
Stern, М. E.: 3Fd. 3 

*Srour, T. M.: 3Wb. 2 
SuvRBALLE, J. W.: ЗТе. 1 
'TANCHEL, M.: 4Fc. 1 
TEMPLETON, J. б. C.: 1Fa. 3 
Tintey, J. H.: 4Та. 4 

* Торобіку, E. P.: 4Wd. 1 
Torner, C.: 3Wd. 3 
Тотѕснек, R. A.: 4We. 3 
Tracz, С. 8.: 4Те. 2 
Von Сове, Н. G.: 4Td. 3 
Wersan, 8.: 1Те. 2 
Ware, D. В. J.: 4Ес. 3 
Wizss, В. L.: 4Ta. 1 
WinuaMs, T.: ТКА. 3 
Упмот, R. D.: IFd. 1 
WiwTER, W. H.: 1Fa. 3 
Момнам, M.: 3Wb. 1 
YARDENI, L. A.: 3Td. 2 


Discussants 


ж Caywoon, T. E.: ITb., 2Tb. 
* CHERINGTON, P. W.: 2Ta. 2 
* Соок, E.: 1Tb., 2Tb. 

* Совмвілт, I. C.: 2Та. 2 

* Dantzig, G.: ЗТЬ., АТЬ. 

* Hir, J.: 2Ta. 2 

* Ноле, М. W.: ITa. 

* KALABA, R.: ЗТЬ., 4Tb. 


* Means invited session or discussant. 
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В-10 Index of Participants 


* KERSHAE, J. A.: ITa. * Rozinson, P. J.: 1Tb., 2Tb. 
* MAGEE, J. F.: ГЪЬ., 2ТЬ. * SELFRIDGE, O.: 3Tb., 4Tb. 

* MILLER, J.: 3Tb., 4Tb. * STEELE, G. G.: 1Ta. 

* MILNER, Р.: 3Tb., 4Tb. * WALTER, J. R.: 2Ta. 2 


* Means invited session or discussant. 


(Nore: For a list of session and other functions chairmen, please see list of 
ehairmen.) 


РВОСВАМ 


WEDNESDAY MORNING, МАУ 27 


REGISTRATION: 8:00-10:00 a.m. 
Convention floor mezannine 


WEDNESDAY MORNING, MAY 27 


COFFEE BREAK: 9:45-10:15 a.m. 
Courtesy of: Computing Devices of Canada Limited 


WEDNESDAY MORNING, MAY 27 
Session 2Wa. 10:15-12:15 p.m. 
Simulation 
Chairman: Ат®с Lez, Trans Canada Air Lines 


2Wa. 2. The Statistical Properties of Large Battle Simulations, FRANK- 
LIN C. Brooxs, Technical Operations Inc., South Avenue, Burlington, Massa- 
chuseits. 


2Wa. 3. Command: А Model of a Network of Command Systems, В. M. 
Lonemme, Development Division, System Development Corp., 2500 Colorado 
Avenue, Santa Monica, California. 


2Wa. 4. Modeling and Simulation as a Research Tool, Warren А. Jos- 
LYN, Systems Research, The Boeing Company, Р.О. Box 8707, Seattle 24, Wash- 
ington. 


WEDNESDAY MORNING, MAY 27 
Session 2Wb. 10:15-11:45 p.m. 
Real Time Control Systems 
Chairman: BEN Bernuoutrz, University of Toronto 


* 2Wb. 1. Centralized Traffic Control by Digital Computers, Dr. J. KATES, 
Traffic Research Corporation, 20 Spadina Road, Toronto 4, Ontario. 


* 2Wb. 2. Real-Time Control on Interconnected Power Systems, R. D. 
Nevison, Assistant Production Engineer, Operating Department, Ontario 
Hydro. 
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WEDNESDAY MORNING, MAY 27 
Session 2We. 10:15-12:15 p.m. 
Theory and Special Models 


Chairman: R. G. Ввгонив, Canadian International Paper 


2We.1. On a Mixed-Sequential Estimating Procedure with Applica- 
tion to Audit Tests in Accounting, A. CHarnes, Northwestern University, 
Research Professor of Applied Mathematics and Economics, Evanston, Illinois; 
Н. Justin Davinson, Touche, Ross, Bailey and Smart; K. Korranex, North- 
western University and the University of Chicago. 


2We. 2. Bayesian Operations Research, Locxwoop RrANHARD, JR., Аззізі- 
ant Professor, State University of New York at Buffalo, Crosby Hall, Library 
Circle, Buffalo 14, New York. 

2We. 3. On the Principle of Maximizing Entropy, Donautp J. Crovan, 
Department of Industrial Engineering, University of Toronto, Toronto 5, On- 
tario. 

2We. 4. Independence in Utility Theory, PrrER С. Fisusurn, Research 
Analysis Corporation, McLean, Virginia, 6935 Arlington Road, Bethesda 14, 
Maryland 


WEDNESDAY MORNING, MAY 27 
Session 2Wd. 10:15-12:15 p.m. 
Textile Industry 
Chairman: Jack B. Coursey, Research Triangle Institute 


* 2Wd. 1. Survey of Operations Research in Textiles, Jack В. Coursey, 
Operations Research Analyst, Research Triangle Institute, Durham, North Caro- 
lina. 

* 2Wd. 2. Product Line Strategy in Style Merchandising, Kurt Н. Scuar- 
FIR, Arthur Andersen & Company, 80 Pine Street, New York 5, М. Y. 


* 2Wd. 3. Flow Analysis of Variations with Applications to Textile and 
Other Industries, Dr. Моввевт Ілоүр Enrick, University of Virginia, 
Charlottesville, Virginia. 


* 2Wd. 4. How to Make Rough Models of Complex Systems, С. К. MILLER 
ПІ, Ам D. S. МсАвтнов, Deering Milliken Service Corporation, Spartan- 
burg, South Carolina. 


Wednesday Afternoon B-13 


WEDNESDAY AFTERNOON, MAY 27 
LUNCHEON: 12:30 p.m. 
CORS Presidential Address 
Speaker: Автнов W. РовтЕв, Canadian Operational Research Society 


Chairman: Jonn В. WALTER 


WEDNESDAY AFTERNOON, MAY 27 
Session 3Wa. 2:00-3:30 p.m. 
Simulation (Continued) 


Chairman: AnEc ТЕЕ, Trans Canada Air Lines 


3Wa. 1. A Relationship Between Decision Making Penalty and Simula- 
tion Sample Size, М. E. BRENNER, Bell Telephone Laboratories, Inc., Holm- 
del, New Jersey. 


3Wa. 2. Testing the Overall Sensitivity of the Mathematical Model, 
J. C. Naronr Plans and Systems Analysis, Douglas Aircraft Company, Long 
Beach, California. 


3Wa. 3. СОС: Combinatorial Optimum Generating, Winston Віку ПІ, 
CBIR. Inc., 1200 Jefferson Davis Highway, Arlington, Virginia. 


WEDNESDAY AFTERNOON, MAY 27 
Session 3Wb. 2:00-3:30 p.m. 
Real Time Control Systems (Continued) 


Chairman: BEN BenNHorTZ, University of Toronto 


* 8Wb. 1. Survey of Dynamic Optimization Techniques, Dx. Murray WON- 
нам, Center for Control Theory, Research Institute for Advanced Studies, 7212 
Bellona Ave., Baltimore 12, Maryland. 


* 3Wb. 2. On-line Process Control Computers and Operations Research, 
T. М. Stour, TRW Computer Division, 8488 Fallbrook Avenue, Canoga Park, 
California. 


B-14 Wednesday Afternoon 


WEDNESDAY AFTERNOON, MAY 27 
Session 3We. 2:00-3:30 p.m. 
Theory and Special Models (Continued) 
Chairman: В. С. Ввіснен, Canadian International Paper 


3We. 1. Minimax Solutions of Problems on Distributions of Search Ef- 
fort, ALBERTO RAUL GALMARINO, Associate Professor in Mathematics, North- 
eastern University, Room 418U, Boston 15, Massachusetts. 


3We. 2. A General Antisubmarine Attack Model, Dr. Атех НЕВЗНАЕТ, 
Operations Evaluations Group, Center of Naval Analyses of the Franklin Insti- 
tule, Navy Department, Washington 25, D. C. 


3We. 3. An Analysis of Re-Entry Vehicle Defense Penetration, HAROLD 
C. Заввтма, Advanced Space Projects Department, Room 7246-CCF x7, 
General Electric Co., P.O. Box 8661, Philadelphia 1, Pennsylvania. 


3We. 4. Non-heuristic Methodology for Determining Optimum Logis- 
tics Support for Manned Orbiting Space Laboratories, ROBERT Е. 
Burnes, Operations Research Assistant, Lockheed Aircraft, Corporation, Cali- 
fornia Division, Burbank, California. 


WEDNESDAY AFTERNOON, MAY 27 
Session 3Wd. 2:00-3:30 p.m. 
Transportation Science Section of ORSA 
Chairman: Warrer HELLY, The Port of New York Authority 
* 3Wd. 1. On Flow Within Platoons, Автнов Daovu, The Port of New York 
Authority, 111 Eighth Avenue at 15th Street, New York, М. Y. 


* 3Wd. 2. The Dependence Between Vehicles in Single-Lane Flow, HAROLD 
GREENBERG, New York University, New York 58, М. Y. 


*3Wd. 3. Single-Lane Bus Flow, В. Вотневу, В. Зпукв and В. Herman, 
Research Laboratories, and C. Torner, Styling Staff, General Motors Corpora- 
tion, Warren, Michigan 


WEDNESDAY AFTERNOON, MAY 27 
Session 3We. 2:00-3:30 p.m. 
Chairman: WALTER E. Cusuen, Institute of Defence Analysis 


3We. 0. National Cost Effectiveness Analysis—Work Session 


Wednesday Afternoon B-15 


WEDNESDAY AFTERNOON, MAY 27 
BREAK: 3:30-3:45 p.m. 


WEDNESDAY AFTERNOON, MAY 27 
Session 4Wa. 3:45-5:15 p.m. 
Simulation (Continued) 
Chairman: Аг®с Ler, Trans Canada Air Lines 


4Wa. 1. A Fast-Time Simulation Computer Model of an Automated 
Terminal Area Air Traffic Control System, А. S. Jackson, and В. V. 
Morse, Director of Research, Control Technology Inc., 1282 Belmont Avenue, 


Long Beach 4, California. 
4Wa. 2. Experience with an Urban Renewal Decision Simulation Model, 


WILBUR А. STEGER, Systems Research and Planning, Consad Research Corp., 
3406 Fifth Ave., Suite 301, Pittsburgh, Pennsylvania 15218. 


4Wa. 3. A General Purpose Simulation Technique for Modeling Military 
Operations, Marvin Ковмвьон, REINO A. MERIKALLIO and James Е. 
O'Hara, Washington Systems Center, IBM Corp., 7900 Wisconsin Avenue, 
Bethesda, Maryland. 


4Wa. 4. An Introduction to C.S.L., Dr. J. С. Газкі and J. ЇЧ. Вохтом, 
Corporate Planning Department, Esso Petroleum Co. Ltd., Victoria Strzet, 


London, S.W. 1, England. 


WEDNESDAY AFTERNOON, MAY 27 
Session 4Wb. 3:45-5:15 p.m. 
Real Time Control Systems (Continued) 
Chairman: Ben Вевмноглтя, University of Toronto 


4Whb. 1. Clustering of Defectives in Time, JossPH I. Naus, Institute of 
Naval Studies, Center for Naval Analyses of the Franklin Institute, 545 Tech- 
nology Square, Cambridge 89, Massachusetts. 


4Wb. 2. Redetermination of Favourable Conditions in Chemical Reac- 
tions, GEorrnEY Г. Соскнпа, Chemcell (1963) Limited, Montreal, P.Q. 


В-16 Wednesday Afternoon 


WEDNESDAY AFTERNOON, MAY 27 
Session 4We. 3:45-5:15 p.m. 
Satellites 
Chairman: E. L. LzezsE, R.C.A.F. Headquarters, Ottawa, Ontario 


4We. 1. System Evaluation Techniques Applied to the Design of a Satel- 
lite Communication System, SrANusy Hauer, Aerospace Group, Hughes 
Aircraft Co., Mobile Mid-Range Ballistic Missile Division, Р.О. Вох 90616, 
Los Angeles 9, California. 


4Wc. 2. Utility of Partially Failed Communications Satellites as a Re- 
serve, Franx D. Mason, Building 866, Mail Station 822-B, Hughes Aircraft 
Company, Culver City, California. 


4Wc.3. Scheduling in a Multiple Satellite Environment, ROBERT А. 
Тотвснек, System Development Corp., 2500 Colorado Avenue, Santa Monica, 
California. 

4Wc.4. Approximations for Satellite Distributions, RicHaRD Г. Ling, 
Statistical Techniques Research Group, Princeton University, 167 Nassau Street, 
Princeton, New Jersey. 


WEDNESDAY AFTERNOON, MAY 27 
Session 4Wd. 3:45-5:15 p.m. 


Transportation Science Section of ORSA 
(Continued) 


Chairman: WALTER HELLY, The Port of New York Authority 


* 4Wd. 1. The Action Point of Driver-Vehicle System, E. P. Toposrsv, 
The Ohio State University, Department of Electrical Engineering, 2024 Neil 
Avenue, Columbus 10, Ohio. 


* 4Wd. 2. Optimum Control of a System of Oversaturated Intersections, 
Denos С. Gazis, IBM Watson Research Center, Р.О. Вох 218, Yorktown 
Heights, New York. 


4Wd.3. Transportation Science Section of ORSA Business Session, 
Chairman: Rogert Herman, Research Laboratories, General Motors Corpora- 
tion, Michigan. 


Wednesday Afternoon B-17 


WEDNESDAY AFTERNOON, MAY 27 
Session 4We. 3:45-5:15 p.m. 
Chairman: Warrer E. Cussen, Institute of Defense Analysis 


4We. 0. National Cost Effectiveness Analysis—Work Session (Continued) 


WEDNESDAY AFTERNOON, MAY 27 
Session 5Wb. 5:15-5:30 p.m. 
Chairman: ALEXANDER M. Моор, President of ORSA 


Operations Research Society of America— 
Business Meeting 


WEDNESDAY EVENING, MAY 27 
6:00-8:00 p.m. 
Cheese and Wine Tasting Party 
Salle Heléne de Champlain, St. Helen's Island 


B-18 Thursday Morning 


THURSDAY MORNING, MAY 28 
Session 1 Ta. 9:00-10:30 a.m. 
Military Cost Analysis 
Chairman: Davin Novick, The RAND Corporation 


* | Ta. 1. Role of Cost in Military Decisionmaking, WILLIAM A. NISKANEN, 
Director, Special Studies, Office of the Assistant (Comptroller), Department of 
Defense. 


Discussants: 
: М. W. Нола, Economics Department, The RAND Corporation 
JosEPH А. KensHAE, Provost, Williams College 
С. G. Этевые, Assistant Deputy Minister of Finance and Secretary of the Treas- 
ury Board, Ottawa 


THURSDAY MORNING, MAY 28 
Session 1Tb. 9:00-10:30 a.m. 
*The Practice of Operations Research 
Chairman: Dr. Ноан Miser, The Mitre Corporation 


Panelists: 


T. Е. Caywoop, Peat, Marwick, Caywood, Schiller and Company 
Emory Coox, Operations Research Incorporaied 

Јонх Е. Маск, Arthur D. Little Incorporated 

Patrick J. Rosson, Marketing Sciences Institute 


THURSDAY MORNING, MAY 28 
Session 1Tc. 9:00-10:30 a.m. 
Mathematical Programming 
Chairman: PETER SANDOR, J. Kates & Associates, 
“A Division of KCS Lid” 


1Те. 1. On Round-Off Errors in Linear Programming, HEINER MULLER- 
МивваАсн, University of California, Operations Research Center, Richmond 
Field Station, 1801 South 46th Street, Richmond, California. 


ТТе, 2. Location-Allocation Problems in the {,-metric, A. Cuarnes, J. Е. 
Quon, AND S. J. Wersan, Northwestern University, Evanston, Illinois. 


1Tc. 3. Maximizing the Information Value of a Linear Programming 
Model, Donatp W. Јонмвом, Vitro Laboratories, 14000 Georgia Ave., Silver 
Spring, Maryland. 


Thursday Morning B-19 


THURSDAY MORNING, MAY 28 
Session 1 Td. 9:00-10:30 a.m. 
Transportation Science Section of ORSA 


Chairman: Davip Evans, General Motors Corporation 


* YTd. 1. Gap Acceptance Probabilities, DoNALD P. Gaver, Carnegie Insti- 
tute of Technology, Pittsburgh, Pennsylvania. 


ж 114. 2. Gap Availability and Acceptance at a Left Side and Right Side 
on Ramp, Ароген D. May, Jr. State of Illinois Department of Public Werks 
and Buildings, Division of Highways, 160 North La Salle Street, Chicage 1, 
Illinois. 


*1Td. 3. Stochastic Traffic Systems Whose Service Times Increase with 
Occupancy, Warrer Нешл, The Port of New York Authority, T11 Eichlh 
Avenue, New York, N. Y. 


«114.4. Maintenance of Commuter Train Schedule, С. Е. Мечеть, and 
В. В. Ports, University of Adelaide, South Australia. 


THURSDAY MORNING, MAY 28 
COFFEE BREAK: 10:30-10:45 a.m. 
Courtesy of: International Business Machines Co. Lid. 


THURSDAY MORNING, MAY 28 
Session 2Ta. 10:45-12:15 p.m. 
Military Cost Analysis (Continued) 
Chairman: Davin Моутск, The RAND Corporation 


* 9Та. 1. Concepts of Resource Analysis, MAJOR GENERAL ROBERT J. FRIED- 
MAN, Director of Aerospace Programs, Office of the Deputy Chief of Staff, Pro- 
grams and Requirements, Headquarters, U. S. Air Force. 


* ITa. 2. The Use of Cost Analysis in the U.S. Navy, Caprauy Evar Р. 
AURAND, Office of the Chief of Naval Operations. 


Diseussants for the two papers: 
І. C. Совхвідт, Canadair Services (Air Vice Marshal, RC AF, Ret. 
P. W. CuzniNGTON and James J. Нил, Graduate School of Business Adminis- 
tration, Harvard University. 
Јонм В. Water, Stevenson and Kellogg Limited, Toronto. 


В-20 Thursday Morning 


THURSDAY MORNING, MAY 28 
Session 2Tb. 10:45-12:15 p.m. 
The Practice of Operations Research (Continued) 
Chairman: Dr. Huen Mister, The Mitre Corporation 


THURSDAY MORNING, MAY 28 
Session 2Tc. 10:45-12:15 p.m. 
Mathematical Programming (Continued) 


Chairman: PETER Sanpor, J. Kates & Associates, “А Division 
of KCS Ltd" 


2Tc. 1. Methods for the Solution of Fractional Linear Programming 
Problems, H. C. Јокѕсн, The Mitre Corporation, Box 208, Bedford, Massa- 
chusetts. 


2Tc. 2. The Menu Problem, Josera Г. Batrntry, Dr. Eng., Associate Pro- 
fessor of Operations Research, School of Business Administration, Tulane Uni- 
versity, New Orleans. 


2Te. 3. Schedule-Sequencing Problems, Henri Г. BEENHAKKER, Stanford 
Research Institute, Menlo Park, California. 


THURSDAY MORNING, MAY 28 
Session 2Td. 10:45-12:15 p.m. 


Transportation Science Section of ORSA 
(Continued) 


Chairman: Davi» Evans, General Motors Corporation 


* 2Td. 1. Two Problems in Scheduling Manpower, А. M. Ler and В. W. 
Тхкрив, Trans-Canada Air Lines, Place Ville Marie, Montreal, PQ. 


* 2Т4. 2. Optimizing Performance in an Automatic Freight Car Classi- 
fication Yard—An Interim Approach, С. E. Law, D. C. Lacs and G. V. 
JACQUEMAIN, Canadian National Railways, Department of Research & Develop- 
ment, P.O. Box 8100, Montreal, P.Q. 


ж 2Та. 3. Simulation Models of Railway Terminal Operations, FREDERICK 
A. Koomanorr, Department of Engineering Physics, Battelle Memorial Insti- 
lute, 505 King Avenue, Columbus 1, Ohio. 


Thursday Afternoon | В-21 


THURSDAY AFTERNOON 
Session 3Ta. 2:00-3:30 p.m. 
Military Cost Analysis (Continued) 
Chairman: Joun В. WALTER, Stevenson & Kellogg 
3Ta. 1. Generalized Cost Models for Very Large Programs National Space 


Program Application, Dr. Свовав W. MORGENTHALER, GEORGE Роврток. 
and Dr. В. S. Novosan, Martin Company, Denver Division, Denver 1, Colorado. 


ЗТа. 2. Stochastic Nature of Military Cost Analysis, ALFRED С. ASWAD, 
Douglas Aircraft Co. Inc., Santa Monica, California. 


3Ta. 3. Military Cost Effectiveness of Advanced Manned Aircraft Sys- 
tems, Уиллам E. Dicxison and Воревю М. Drxon, Systems Engineering 
Group, Research and Technology Division, Airforce Systems Command, United 
States Air Force, Wright-Patterson Air Force Base, Ohio 45488. 


THURSDAY AFTERNOON, MAY 28 
Session 3Tb. 2:00-3:30 p.m. 
*Mathematical Biology and Operations 
Research 


Chairman: Dr. E. W. Paxson, The Rand Corporation 


Panelists: 


Proressor Grorce Dantzia, University of California 

Dr. RosgRT KALABA, The Rand Corporation 

Dr. James Murr, Mental Health Research Institute, University of 
Michigan 

Proressor PETER Munir, McGill University 

Dr. OLIVER SELFRIpGE, Massachusetts Institute of Technology 


P9542. 


B-22 | Thursday Айегпооп 


THURSDAY AFTERNOON, MAY 28 
Session 3Tc. 2:00-3:30 p.m. 

Mathematical Programming (Continued) 
Chairman: Dr. Hyman KaurMAN, Mathematics Department, 
McGill University 
ЗТе. 1. Network Algorithm for the Traveling Salesman Problem, JoHN 

ХУ. SUURBALLE, Bell Telephone Laboratories Inc., Murray Hill, New Jersey. 


ЗТе. 2. The Sequential Unconstrained Minimization Method for Non- 
linear Programming, ANTHONY V. Fiacco, and Слвтн Р. McCormick, 
Research Analysis Corporation, McLean, Virginia 22101. 


3Tc. 3. A Stochastic Personnel-Assignment Model, Упллдм В. Kine, 
Operations Research Group, Case Institute of Technology, Division of Organiza- 
tional Sciences, University Circle, Cleveland 6, Ohio. 


THURSDAY AFTERNOON, MAY 28 
Session 8Td. 2:00-3:30 p.m. 
Transportation 


Chairman: Joun Gratwicx, Canadian National Railways 


3Td. 1. Adjustment of Regional Boundaries to Keep the Contained Work- 
load within a Prescribed Tolerance, J. C. СтАРНАМ, Head—Operations 
Research Section, British Columbia Research Council, University of British 
Columbia, Vancouver 8, В.С. 


3Td. 2. Vehicular Traffic Control—A Time-Space Design Model, L. A. 
YanpENI, IBM Corporation, General Products Division Development Labora- 
tory, Monterey & Cottle Roads, San José 14, California. 


3Td. 3. Optimal Selection of Commercial Aircraft, Granam D. CLAPP, 
Operations Research Group, Case Institute of Technology, University Circle, 
Cleveland 6, Ohio. 


THURSDAY AFTERNOON, MAY 28 
BREAK: 3:30-3:45 p.m. 


Thursday Afternoon B-23 


THURSDAY AFTERNOON, MAY 28 


Session 4Ta. 3:45-5:15 p.m. 
Military Cost Analysis (Continued) 
Chairman: Јонч В. WALTER, Stevenson & Kellogg 


4Та. 1. Logistics Cost and Effectiveness, В. Г. Weiss, Manager Advanced 
Logistics, Space and Information Systems Division, North American Aviation, 
Inc., 12214 Lakewood Boulevard, Downey, California. 


4Та. 2. Assignment of Errors to Aerospace Cost Equations, PETER J. 


CRUMBINE, Manager Cost Effectiveness Evaluation, Lockheed Missiles & Space 
Co., Sunnyvale, California 


4Ta. 3. Evaluation of Complete System Costing, THEODORE BurLocxus, 
Executive Advisor, Douglas Aircraft Со. Inc., Long Beach, California. 


4Та. 4. Common Proposal Strategies for Both Military and Commercial 
Opportunities, онм Н. Тимьву, Advanced Plans Engineering and Product 
Development, Aircraft Division, Douglas Atrcraft Company. 


THURSDAY AFTERNOON, MAY 28 
Session 4Tb. 3:45-5:15 p.m. 


Mathematical Biology and Operations Research 
(Continued) 


Chairman: Dr. E. W. Paxson, The Rand Corporation 


THURSDAY AFTERNOON, MAY 28 
Session 4Tc. 3:45-5:15 p.m. 
Mathematical Programming (Continued) 


Chairman: Dr. Hyman КАОЕМАМ, Mathematics Department, 
McGill University 


4Те. 1. Sensitivity Analysis of Multi-terminal Flow Networks, Saran E. 
ELMAGHRABY, Associate Professor, Department of Industrial Administration, 
Yale University, New Haven, Connecticut. 


4Tc. 2. On Some Numerical Difficulties Associated with Dynamic Pro- 
gramming, G. S. Tracz, Department of Industrial Engineering, University 
of Toronte, Toronto 5, Ontario. 


4Tc. 3. Optimum Design of Open Pit Mines, Н. Lercus, F. I. Grossmann, 
International Business Machines Co., 615 Derchester Boulevard, Montreal 2, 


PQ. 


В-24 Thursday Afternoon 


THURSDAY AFTERNOON, MAY 28 
Session 4Td. 3:45-5:15 p.m. 
Transportation (Continued) 


Chairman: Joun Gratwicx, Canadian National Railways 


4Td. 1. A Queueing Approach to Traffic Light Phasing, P. Вовпллнр and 
PauL Naor, Department of Statistics, University of North Carolina, Chapel 
Hill, North Carolina. 


4Td. 2. Synchronizing Traffic Signals for Maximum Bandwidth, Joan 
D. С. Lrrriz, School For Industrial Management, M.I.T., Cambridge, Massa- 
chusetts, and Joun Т. Moraan, Department of Statistics, Australian National 
University, Canberra, A.C.T., Australia. 


4Td. 3. Some Quantitative Findings of Simulated Traffic Congestion, 
Hans G. Von Сове, Traffic Research Corporation Limited, 20 Spadina Road, 
Toronto 4, Ontario. 


4Td. 4. Simulation of a Transportation System Operating Different 
Fleets of Vehicles, М. STrApE, Senior Engineer, Department 889, Canadair 
Limited, P.O. Вох 6087, St. Laurent, Montreal, P.Q. 


THURSDAY EVENING, MAY 28 
RECEPTION: 6:00 p.m. 


THURSDAY EVENING, MAY 28 
BANQUET: 7:00 p.m. 
Speaker: Dr. О. М. Sonanpt, О.В.Е., M.A., M.D., LL.D., F.R.S. 
“Soviet Research" 


Dr. Souanpt, the founding president of the Canadian Operational Re- 
search Society, will have recenily returned from a trip to Russia as a guest 
of the Soviet Union. He will describe the highlights of his trip and analyze 
the progress of Russian research and tts relation to Operation Research. 


Friday Morning e E-25 


FRIDAY MORNING, MAY 29 
Session 1Fa. 9:00-10:30 a.m. 
Case Histories 
Chairman: К. J. Raprorp, Defense Research Board 


1Еа. 1. An Application of Operations Research to Municipal Planning: 
Some Fiscal Aspects of Land Use Planning, Mazor М. J. Авмим, Hq. 
USAF, Washington, D. С. and Carrain М. Н. ALEXANDER, Hg. AFSC, An- 
drews AFB, Md. 


* ]Fa. 2. Operational Research in the Scheduling of Fertilizer Production 
at COMINCO, J. Е. Вовевт8, Research and Development Division, The Con- 
solidated Mining and Smelting Company of Canada Lid. 


1Fa. 3. Optimum Safety Stock in a Coal-Ordering Problem, D. К. A. 
Спллке, J. G. C. TEMPLETON, and У. Н. Winter, Operations Research Group, 
The Hydro-Electric Power Commission of Ontario, 200 Kipling Ave. беш, 
Toronto 18, Ontario. 


FRIDAY MORNING, MAY 29 
Session 1Fb. 9:00-10:30 a.m. 
Strategy of Information Retrieval 
Chairman: Martin L. Ernst, Arthur D. Тлійе, Inc. 


* 1ЕЪ. 1. Requirements of Users of Scientific and Technical Information, 
Caries M. Srearns, Office of Technical Services, Department of Commerce, 
Washington, Р. С. 


* 1Fb. 2. Information Retrieval Problems in the U. S. Patent Осе, Ezra 
GLASER, Assistant Commissioner, U. S. Patent Office, Washington 25, D. C. 


В-26 Friday Morning 


FRIDAY MORNING, MAY 29 
Session 1Fe. 9:00-10:30 a.m. 
Queueing 


Chairman: Dr. JAcquEs Вт-Ртевве, Professor of Statistics, 
Université de Montréal 


lFe. 1. Queueing in Series-Parallel Networks, Henny D. FRIEDMAN, 
Applied Research Laboratory, Sylvania Electronic Systems, 40 Sylvan Road, 
Waltham 54, Massachusetts. 


1Fe. 2. Multi-Channel Queueing with Periodic Service Interruptions, 
Joan J. Coneman, and Т. P. Стлммо, Space Technology Laboratories, Thomp- 
son Ramo Wooldridge, One Space Park, Redondo Beach, California. 


1Fc. 3. Tandem Queues with Dynamic Priorities, ANDREW GRINDLAY, 
Assistant Professor, University of Western Ontario, School of Business, Ad- 
ministration, London, Ontario. 


FRIDAY MORNING, MAY 29 
Session 1Fd. 9:00—10:30 a.m. 
Military O.R. 


Chairman: Davi» М. Homa, Demers, Homa, Baby, Consulting 
Engineers 


1Fd. 1. Adaptation of an Existing Naval Proximity Fuse to Supersonic 
Targets, В. D. Уимот, 1386 Gibson Avenue, Ottawa, Ontario. 


1Fd. 2. Some Comments on the Lanchester Theory of Combat, В. М. 
DunsnmNE, The Mitre Corporation, Bedford, Massachusetts. 


ЈЕ. 3. The Distribution of Rounds Fired in Stochastic Duels, CLINTON 
J. ANCKER JR. апа А. V. GaraniAN, System Development Corporation, 2500 
Colorado Avenue, Santa Monica, California. 


ТЕЧ. 3’. Some Discrete Processes in the Theory of Stochastic Duels, 
С. J. ANCKER, JR., System Development Corporation, 2500 Colorado Ave., Santa 
Monica, California, and Trevor Мпилламѕ, The Johns Hopkins University, 
Baltimore, Maryland. 


1Еа. 4. Operations Research Techniques in Radiological Civil Defense, 
Е. Lemus and J. T. Ryan, Operations Analyst, Research Triangle Institute, 
P.O. Box 490, Durham, North Carolina. 


Friday Morning B-27 


FRIDAY MORNING, MAY 29 
COFFEE BREAK: 10:30-10:45 a.m. 
Courtesy of: Remington Rand, Univac Division. 


FRIDAY MORNING, MAY 29 
Session 2Fa. 10:45-12:15 a.m. 
Case Histories (Continued) 
Chairman: K. J. Raprorp, Defense Research Board 


2Fa. 1. Maintenance Planning for the Minuteman Weapon System, 
R. R. CanpwELL and R. А. Cawsy, The Boeing Company, Seattle, W ashizgton 


* 2Fa. 2. Scheduling of Preventive Maintenance on the Mid-Canada Line,. 
Т. A. Ewasuxo and В. L. Bagtow 


* 2Fa. 3. An Operational Research Study of the Determination and Pre- 
diction of Satellite Orbits, E. C. Kznavas, H. S. Gellman and Co. Lid., 
Toronto, Ontario and J. L. Hudson, Directorate of Systems Evaluation, R.C. A.F., 
Ottawa, Ontario. 


FRIDAY MORNING, MAY 29 
Session 2Fb. 10:45-12:15 a.m. 
Strategy of Information Retrieval (Continued) 
Chairman: Martin L. Ernst, Arthur D. Little, Inc. 


* 2Fb. 1. Techniques for Associative Information Retrieval, ViNcENT Е. 
GIULIANO, Operations Research Section, Arthur D. Little, Inc., 85 Acorn Park, 
Cambridge 40, Massachusetts. 


* 2Fb. 2. Man-Machine Interaction in Information Retrieval, CHARLES W. 
ApaMs, President, Charles W. Adams Associates Ine., Bedford, Massachesetts. 


В-28 Friday Morning 


FRIDAY MORNING, MAY 29 
Session 2Fc. 10:45-12:15 p.m. 
Queueing (Continued) 


Chairman: Dr. /Асоч®з Әт-Ріввне, Professor of Statistics, 
Université de Montréal 


2Ес.1. A Queueing System with Alternating Priority, В. Avi-IvzHax, 
TECHNION, Israel Institute of Technology, Israel and W. L. MAXWELL, and 
L. W. Murer of Cornell University, Ithaca, New York. 


2Fc. 2. On Jockeying in Queues, Ernest Ковмтазвева, С-Е-І-К, Inc., 845 
Howard Street, P.O. Box 3248, San Francisco. 


2Ке. 3. Markov Chain Analysis of a Sorting Machine: Formulae and Il- 
lustrative Applications, Jozn Levy, National Bureau of Standards, Room 
140, North Building, Washington 25, D. C. 


FRIDAY MORNING, MAY 29 
Session 2Fd. 10:45-12:15 p.m. 
Planning 
Chairman: Втлядветн Влвітясн, Chemcell (1963) Limited 
2Fd. 1. Fatefulness: A Measure Deserving Recognition, Тонм COYLE, 
4706 North 36th Street, Arlington 7, Virginia. 


2Fd. 2. Forecasting: A Pitfall in Military and Civilian Long Range Plan- 
ning, HAROLD A. LrNsTONE, Senior Scientific Advisor, Corporate Development 
Planning, Lockheed Aircraft Corporation, Burbank, California. 


2Fd. 3. Concepts for Mission and System Planning, Norman HITCHMAN, 
Technical Military Planning Operation, General Electric Company, 786 State 
Street, Santa Barbara, California. 


Friday Afternoon B-29 


FRIDAY AFTERNOON, MAY 29 
LUNCHEON 12:30 p.m. 
ORSA Presidential Address 


Speaker: ALEXANDER M. Моор, Operations Research Society of America 
Chairman: Gorpon D. SHELLARD 


FRIDAY AFTERNOON, MAY 29 
Session 3Fa. 2:00-3:30 p.m. 
Special Topics 
Chairman: PETER Е. Wann, Price Waterhouse & Company 


3Fa. 1. Strategies of Speculation in the Stock Market, J. T. Ross Jack- 
SON, Operations Research Group, Case Institute of Technology, Department of 
Management, University Circle, Cleveland 6, Ohio. 


3Fa. 2. Stock Exchange Volume as a Stochastic Process, HAROLD GEBEN- 
BERG and IRWIN GREENBERG, College of Engineering, New York University, 
Department of Industrial Engineering and Operations Research, New York Uni- 
versity, New York 68, М. У. 


3Fa. 3. Implementation of Operational Research—A Problem in Sociol- 
ogy, Jonn W. Аввам8, Department of Industrial Engineering, University of 
Toronto, Toronto 5, Ontario. 


FRIDAY AFTERNOON, MAY 29 
Session 3Fb. 2:00-3:30 p.m. 
Information Retrieval 
Chairman: Н. J. G. Warrron, Trans Canada Air Lines 


3Fb. 1. New Dimensions in Information Retrieval Systems, Немвг L. 
BEENHAKKER, Stanford Research Institute, Menlo Park, California. 


3Fb. 2. А Computer-Generated Thesaurus, P. В. HENDERSON JR., Advanced 
Data Systems, Westinghouse Electric Corp, 15 West З Gateway Center, Box 2278, 
Pittsburgh 80, Pennsylvania. 

3Fb. 3. Dial-A-Document Central Libraries, Wiutiam Г. ALDEN, Presi- 
dent, Automation Management Inc., Westboro, Massachusetts. 


В-30 Friday Ajternoon 


FRIDAY AFTERNOON, MAY 29 
Session 3F ce. 2:00-3:30 p.m. 
Systems 
Chairman: CHARLES Jonus-Warrrny, Northern Electric Co. Ltd. 
3Fc. 1. The Integration of Human and Machine Performance, ERIK A. 
В. НлірАМЕ, 8827 "М" Street, N.W. Washington D. C. 20007. 


ЗЕс. 2. Control Theory in Nonstationary Ecosystems, MARK ALFANDARY- 
ALEXANDER, University of Pittsburgh, Visiting Professor, Research Analysis 
Corp., 6986 Arlington Road, Bethesda 14, Maryland. 


3Fe. 3. Towards a General Theory of Systems-Models of Subsystems, 
Frank Benson and MEHMET GUREL, Case Institute of Technology, Cleveland 
Ohio. 


FRIDAY AFTERNOON, MAY 29 
Session 3Fd. 2:00-3:30 p.m. 
Planning (Continued) 
Chairman: ELIZABETH Влвітясн, Chemcell (1963) Limited 


3Fd. 1. Cost Benefit Analysis and Project Evaluation, Joan S. MacDon- 
ALD, Room 2781, United Yations, Box 20, Grand Central P.O., New York, №. У. 


3Fd. 2. Planning, JACQUELINE ANDERSON, Operations Research Group, Case 
Institute of Technology, University Circle, Cleveland 6, Ohio. 


3Fd. 3..An Heuristic Approach to Corporate Planning by Aggregating 
Models of Business Functions, Marx E. Stern, and BERNARD B. Hanon, 
New York Unwersity, Graduate School of Business Administration, 100 Trinity 
Place, New York 6, М. У. 


FIRDAY AFTERNOON, MAY 29 
BREAK: 3:30-3:45 p.m. 


FRIDAY AFTERNOON, MAY 29 
Session 4Fa. 3:45-5:15 p.m. 
CORS Business Session 


Chairman: А. PORTER 
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FRIDAY AFTERNOON, MAY 29 
Session 4Fc. 3:45-5:15 p.m. 
Decision 
Chairman: CHARLES Jowzs-WurrrEY, Northern Electric Co. Ltd. 


4Ес. 1. Model for Decision—A Method for Selecting В & D Efforts, MEL- 
vin TaNcuEL, Technical Advisor, Directorate of Technology, Hg. AFSC, United 
States Air Force, Andrews Air Force Base, Washington 25, D. C. 


4Ес. 2. A New Weight-Setting Model for General Use in Evaluations, 
Їжвох В. Rosen, Department of the Navy, Bureau of Ships, Washington 26, 
D.C. 


4Fc. 3. POED—A Method of Evaluating System Performance, D. Б. J. 
Warre and D. L. Scorr, White Electromagnetics Ine., 670 Lofstrand Lane, 


Rockville, Maryland. 


Ж 


FRIDAY AFTERNOON, МАХ 29 
Session 4Fd. 3:45-5:15 p.m. 
Planning (Continued) 
Chairman: C. E. Law, Canadian National Railways 


4294. 1. Allocating Restricted Resources to a Project Network, Dx. R. 
L. Martino, Manager, Advanced Systems, Olin, 460 Park Avenue, New York 


22, N. Y. 
4Е4. 2. On Expected Times for PERT Activities, Kraus Авт, 0. S. Naval 
Weapons Laboratory, Dahlgren, Virginia. 


Abstracts 


2Wa. 2. The Statistical Properties of Large Battle Simulations, FRANK- 
мм C. Brooxs, Technical Operations Inc., South Avenue, Burlington, Massa- 
chusetts. 

This paper considers stochastic simulations of large battles, such as STAGE 
(Simulation of Total Atomic Global Exchange). Cf. Ремміматом, Abstract N-2, 
Opns. Res. 11, Supplement 1 (Spring 1963) and ApAMs and Jenxrns, Opns. Res. 8, 
600-615 (1960). Such battle models are said to be stochastically determined if 
the gross results, for example the casualties to each side, show low variance in re- 
peated plays in which only the random numbers are changed. Here, low variance 
means a standard deviation small compared to the initial number of weapons en- 
gaged. When stochastic determinism exists in a large battle model only a few 
replications of the model are needed to get good estimates of the gross results. 
Stochastic determinism with respect to casualties is shown to be present when the 
correlations between losses of individual weapons are relatively small or few in 
number, that is when the fate of a given weapon has strong influence on the fates 
of only a limited number of other weapons. Three stochastic models—the Lan- 
chester Linear and Square Law models and a simple missile battle model—which 
can be studied analytically are shown to be stochastically determined. Features 
of battle models which would lead to violation of stochastic determinism are dis- 
cussed. 


2Wa. 3. COMMAND: A Model of a Network of Command Systems, R. 
M. Іомамтве, Development Division, System Development Corporation, 2500 
Colorado Avenue, Santa Monica, California. 

This paper summarizes the functional design of COMMAND (COMmand 
Model for ANalysis and Design) and discusses possible applications of the model 
to the study of command system problems. 

COMMAND simulates aspects of the operation of a network of command sys- 
tems opposing a rudimentary enemy command network prior to, and during a 
general nuclear war. The model consists of four major components: Adaptive 
Scenario, Engagement Analyzer, Situation Recognizer, Action Selector. The 
Adaptive Scenario simulates the enemy command operations and provides status 
reports on hypothetical US commands and other countries which are referred to in 
the model but are not simulated. The Engagement Analyzer provides a simu- 
lated natural environment where in the resources of each opposing side can react 
with one another and with nature, in accordance with carefully determined rela- 
tionships. Tactical intelligence data processing and estimating operations of 
friendly commands are simulated by the Situation Recognizer. The Action Selec- 
tor represents the force management functions which are performed by the or- 
ganization of friendly commands. COMMAND has been designed so that it can 
be implemented as a modular computer program system, providing the means for 
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using different combinations of its four Базе components in both open and closed 
simulation, ie. with and without people. The computer programs have been 
coded in JOVIAL and are now being tested for operation in the time-sharing sys- 
tem of the AN/FSQ-32 computer in the System Development Corporation's 
Command Research Laboratory. This work was sponsored by the Advanced 
Research Projects Agency of the Department of Defense under contract SD-97. 


2Wa. 4. Modeling and Simulation as a Research Tool, WARREN A. JOSLYN, 
Systems Research, The Boeing Company, Р.О. Box 8707, Seattle 24, Washington. 
Application of Modeling and Simulation to commercial and military problems 
ean be determined by a set of rational considerations that lend themselves to evalu- 
ation. In this manner, any emotional associations with the use or non-use of this 
research tool can be overcome. А checklist of factors is presented including the 
study objectives, system characteristics, буре, restraints, and desired results. 
These factors should be duly considered and evaluated in order that the decision 
to model or simulate may also incorporate the level of complexity or sophistication 
appropriate to the problem. Several types of simulation models are illustrated 
and discussed. 


* 2Wb. 1. Centralized Traffic Control by Digital Computers, Dr. J. KATES, 
Trafic Corporation Limited, 20 Spadina Road, Toronto, Ontario. 

For this talk the traffic problems of modern cities will аб first be briefly reviewed 
and the following points will be discussed: The lack of scientific attack on the 
traffic problem until recently; the functions of transportation planning and traffic 
control; the control methods available to the traffic engineer; a brief history of 
traffic signals. At this stage in the discussion a ten minute colour sound movie 
will be shown which describes the recent experiment with computer contral in 
Toronto. Then the plans for a very ambitious traffic control system will be dis- 
cussed. This system is now becoming operational and progress of this system will 
be illustrated and discussed. 


* 2Wb. 2. Real-Time Control on Interconnected Power Systems, В. D. 
Nevison, Assistant Production Engineer, Operating Department Ontario Hydro. 
This paper traces the growth of electric power systems from their rudimentary 
beginning to the present vast interconnections and the concomitant evolution of 
control techniques needed to make these interconnections feasible. The prin- 
ciples and hardware required for the control of isolated systems and power inter- 
change between systems forming large interconnections are described. The theory 
of loading resources on power systems for best economy and the application of 
digital computers to effect this economic loading are presented. Also presented 
are the reasons for the growth of interconnections and a brief description of the 
multi-system interconnection presently embracing Ontario-Quebec and most of 
the United States. 


2We. 1. On a Mixed-Sequential Estimating Procedure with Application 
to Audit Tests in Accounting, A. Снлвмез, Northwestern University, Re- 
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search Professor of Applied Mathematics and Economics, Evanston, Illinois; 
H. Јоѕтіч DavipsoN, Touche, Ross, Bailey and Smart; К. Korranex, North- 
western. University and University of Chicago. 

In the commonplace audit situation of developing a valid opinion on the state of 
control of а business system, the use of various statistical sampling techniques has 
been long advocated. In this control evaluation circumstance we state the sam- 
pling objective as discovering as rapidly as possible whether particular error rates 
ате in an aeceptable range and, if not, estimating with prescribed assurance what 
the error rates might be. The new statistical model we propose involves the com- 
bination of sequential and fixed sample size procedures since they are, respectively, 
most efficient for testing an acceptability hypothesis or determining а confidence 
interval. The resulting mixed procedure, in contrast to others in the literature, 
begins with the sequential part (since most of the time acceptance is to be antici- 
pated) and continues to a priori fixed total in the event of non-acceptance. Thus the 
procedure yields one of two final conclusions, either to accept the prescribed hy- 
pothesis or provide a confidence interval estimate of the unknown error rate. From 
a practical viewpoint it is possible to reduce the seemingly numerous specifications 
which are necessary for mixed-procedures. In short, while additional computation 
is required to determine optimum parameter values, the basic specifications are 
similar to those required for the classic procedures of estimating an unknown param- 
eter. 

2We. 2. Bayesian Operations Research, Lockwoop RIANHARD, JR., Assistant 

Professor, State University of New York at Buffalo, Crosby Hall, Library Circle, 
Buffalo 14, New York. 

Traditional operational research апа econometric methods for decision making 
are contrasted with methods based upon the Bayesian concept that an unknown 
model parameter should be treated as & random variable unless the substitution 
of а certainty equivalent can be justified. A simple inventory situation is used to 
illustrate the traditional procedure and the Bayesian procedure. Decision situa- 
tions traditionally formulated as mathematical programming problems under 
certainty are shown to have Bayesian formulation as stochastic programming 
problems. 


2We. 3. On the Principle of Maximizing Entropy, Поммо J. Стоовн? 
Department of Industrial Engineering, University of Toronto, Toronto 5, On- 
tario. 

In recent years engineers, physicists, and some operations researchers have 
shown interest in the “principle of maximizing entropy" as a basis for making de- 
cisions in the face of uncertainty. The principle of maximizing entropy is nothing 
more than an extension of Laplace’s principle of insufficient reason. However, 
it has been dressed in such a formalism of mathematical approach, irrational argu- 
ment, and Jargon about “information” and “subjective probability” that its essen- 
tial nature has become obscured. Many misconceptions have evidently arisen 
out of the belief that а procedure which has been applied successfully in the field 
of small-particle mechanics, for example, should have utility in any other field. 
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There is in fact no generally acceptable evidence to support such a belief. It is 
the purpose of this paper, (1) to define entropy in the conventional terms of prob- 
ability theory, simply as a parameter of a probability distribution, (2) to show that 
the use of the principle of maximizing entropy amounts to the arbitrary choice of 
the mathematical form of an unknown probability distribution, that which has the 
largest entropy parameter subject to constraints imposed by fixing one or move of 
its other parameters (such as moments, ranges, and quantiles), and (3) to discuss 
certain implications of the use of the principle and its relationship to informstion 
theory. 


2We. 4. Independence in Utility Theory, PrrER C. Fisupurn, Research 
Analysis Corporation, McLean, Virginia, 6985 Arlington Road, Bethesdc 14, 
Maryland. 

It is assumed that a von Neumann-Morgenstern type utility function e exists 
оп a set X of ordered n-tuples (а, 23,- --,z4) with XCXizXir---mXQ,. різ uique 
up to а positive linear transformation, ap +b with a>0. In this paper necessary 
and sufficient conditions for e to have the form e(zi, 2s,- - ,%n) == (жу) +y2(oe) + 
фф (а) are developed starting with n =2, and a necessary and sufficient con- 
dition on X is given in order that фі, фа," " "Уфа be unique up to a set of simultareous 
positive linear transformations with common scale multiplier a>0. The двузіор- 
ment is free of any specific assumptions about ф (e.g., continuity, differentiality, 
etc.) except for its uniqueness up to a positive linear transformation. 


* 2Wd.1. Survey of Operations Research in Textiles, Jack В. Coursey, 
Operations Research Analyst, Research Triangle Institute, Durham, North 
Carolina. 

A compendium of applied Operations Research techniques will be presented 
which will indicate both methods and problem areas within the textile industry. 
The textile industry is one of the most important industries in the United States. 
The problems besetting the textile industry extend from highly complicated tech- 
nical problems (e.g. chemistry and technology) to basic management problems 
(e.g. personnel and allocation of funds). It is also a most competitive industry. 
The largest textile company represents less than 7 percent of the total sales cf the 
industry, and there are over 7,500 companies. Operations Research has been 
used successfully in textiles. Among the applied Operations Research topics have 
been inventory control, PERT, Monte Carlo, linear programming and oshers. 
Examples of these and others will be given with particular emphasis on the applica- 
tion of linear programming in textiles. 


х 2Wd. 2. Product Line Strategy in Style Merchandising, Kurt H. 8снар- 
FIR, Arthur Andersen & Co., 80 Pine Street, New York б, М. У. 

Manufacturers of textiles, garments and similar style merchandise are faced each 
season with a series of decisions involving the number of different lines and varieties 
to be offered for sale, the amount of initial stock to be provided for each variety, 
and the manner in which available production capacity is to be allocated among 
these different lines and varieties as the season progresses. These decisions re- 
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quire that a proper balance be found between initial stock and reorder production. 
The present paper explores the economic factors by which this proper balance is 
determined. 


* 2Wd. 3. Flow Analysis of Variations with Applications to Textile and 
Other Industries, Dr. Моввевт Luoyp Enricx, University of Virginia, 
Charlottesville, Virginia. 

In many instances in the past, applications of new techniques originated for the 
textile industry, have subsequently found wider usage in industry as a whole. 
Examples are punched cards for storage of information and instructions, the use of 
ratio-delay work sampling, and automation. Flow Analysis of Variations is a 
minor example. Developed for tracing the flow of variances, within-machines, 
between-machines and departmental-overall, from process to process, in multi- 
machine multi-output situations in textile industries—and first applied in a Mon- 
treal textile mill—it is now in use in several hundred mills. Precise evaluation of 
the components of variations, and estimation of permissible variations flow from 
process to process, permits accurate diagnosis of trouble spots in production and 
their probable causes. Reduced variability, improved running conditions, and 
higher-precision results are thus accomplished. A textile and а foundry illustra- 
tion will be given, both originating in the Province of Quebec. 


* 2Wd. 4. How to Make Rough Models of Complex Systems, С. Е. MILLER 
III, and D. S. МсАвтнов, Deering Milliken Service Corporation, Spartanburg, 
South Carolina. 

Approximate mathematical models of complex systems are usually all that can 
be (practically) developed in industrial O.R. work. How should such models be 
made? ‘This paper illustrates the development of such a model from a combina- 
tion of theoretical and statistical considerations. A single yarn unraveled from 
a yard of woven fabric is more than a yard long. Just how much longer is im- 
portant to the weaver. He needs to know how much yarn (and hence cost) must 
be supplied to make a yard of fabric. The problem is complex. Мо useful theo- 
retical model of yarn take-up in weaving has been developed. The take-up along 
the length of the cloth is dependent on the take-up across the width. Both take-up 
factors depend on several cloth construction variables (such as the number of 
yarns and the yarn sizes) and on several manufacturing variables. This paper 
shows how a rough model reflecting take-up was developed for 3 cotton mills. It 
was based on some theoretical considerations supplemented by considerable data 
collected from the operating mills. The theoretical work provided some informa- 
tion on the “form” of the model and statistical regression analysis generated the 
useable model. The method appears to be generally useful on a large class of in- 
dustrial problems. 


3Wa. 1. A Relationship Between Decision Making Penalty and Simula- 
tion Sample Size, М. E. Brenner, Bell Telephone Laboratories, Inc., Holm- 

del, New Jersey. 
The paper contains some results from experiments in which two inventory models, 
whose analytical solutions are known, have been simulated in order to learn more 
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about simulation. The author suggests a relationship between the sample size 
in the simulation and the economic penalty for an incorrect decision from inac- 
curacy in the simulated information. The form of relationship is Ù = А /n*, waere 
її is the average penalty in dollars, n is the sample size, and А and k are parameters 
obtained from a regression analysis. A series of results are reported with velues 
given for A and К. The values of A vary monotonically with some of the шуеп- 
tory parameters. The values of k have moderate variability. It is hoped that 
the ideas suggested and the results presented may be helpful to others conducting 
experiments to learn more about simulation. 


3Wa. 2. Testing the Overall Sensitivity of the Mathematical Model, 
J. С. Narou, Plans and Systems Analysis, Douglas Aircraft Company, Long 
Beach, California. 

Testing the overall sensitivity of the mathematical model is an important phase 
of any operations research study. Unfortunately, in many studies this phase is 
severely limited because of the tremendous number of combinations of parameter 
values that are possible. This paper presents a procedure which combines the 
simplicity of Monte Carlo analysis with the power of order statistics to draw in- 
ferences regarding the likelihood that the system will operate at prespecified levels. 
The method is particularly applicable to critical path networks and reliability 
models, which involve many parameters whose values are not known with cer- 
tainty. 


3Wa. 3. COG: Combinatorial Optimum Generating, Winston Runs ПІ, 
C-E-I-R, INC., 1200 Jefferson Davis Highway, Arlington, Virginia. 

The technique described in this paper for solving Operations Research models 
that are basically combinatorial employs an approach which is itself basizally 
combinatorial. The concepts involved are presented generally, as well as results 
to date. Required in the first instance are procedures which, more than enumezate, 
generate sequentially complete sets of combinations (solutions) in specified orders. 
Such generators are governed in their functioning by parameters delimiting seci- 
fied sub-sets of the combinations. Restrictions and constraints to the problem to 
be solved are introduced by the manipulation of these generator parameters. 
While (A) this assures that only valid alternative solutions to the problem will be 
generated, (B) more restrictive manipulation may eliminate the generation of 
“clearly unreasonable” solutions. All generated solutions are evaluated, according 
to the various objective criteria, and the best-to-date solutions maintained соп- 
currently. Under conditions of only (A) above, the resultant solutions are fully 
optimum to the problem as formulated. If the combinatorial nature of the prob- 
lem indicates that there exists a relatively large number of unreasonable, trough 
узра, solutions, it may be required (perhaps just advisable) to impose vsrious 
type (B) restrictions. The number and kind of delimiting parameters on the 
generator that are utilized will produce the degree of acceptability of the solution. 
Clearly, the economies of this technique depend upon the speed and coding effi- 
ciency of modern computing equipment as well as mathematical efficiency from 
analysis of combinatorial optimum generating. Further research in the latter 
area will produce the greatest advances for this technique. Two applicaticns to 
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which this technique has been applied (resource allocation and multi-project 
scheduling, and vehicle fleet routing) are discussed, and computational experience 
is presented. 


* З\Ъ. 1. Survey of Dynamic Optimization Techniques, Dr. Murray 
Wonuam, Center for Control Theory, Research Institute for Advanced Studies, 
7212 Bellona Ave., Baltimore 12, Maryland. 

This paper is a survey of current techniques for the optimization of control 
systems described by differential or difference equations. Methods based on the 
theories of Pontryagin and Bellman are illustrated by examples; and the exten- 
sion of these methods to stochastic optimal control problems is outlined. 


* 3Wb. 2. On-Line Process Control Computers and Operations Research, 
T. M. Втоот, TRW Computer Division, 8483 Fallbrook Avenue, Canoga Park, 
California. 

About 150 digital computers have been ordered or installed as on-line process 
control devices by petroleum, chemical, steel, cement, synthetic rubber and paper 
companies. These computers are directly connected to process instruments and, 
at a minimum, produce typewritten logs of basic measurements and computed 
quantities. Many of the computers are also connected to devices which permit 
adjustment of process conditions for greater production or better control of product 
quality. In this paper, system functions are clarified by several specific examples. 
A “Classical” approach to computer control system design includes definition of 
system objectives (such as maximum profit subject to quality and equipment 
constraints), development of & mathematical model of the process, and invention 
of an algorithm by which process conditions meeting the objectives can be cal- 
culated. Many processes have proved too complex for a direct application of this 
approach. Although it has generally been possible to develop adequate models, 
rigorous optimization calculations could not be performed in real time with the 
mathematical techniques available and a computer of reasonable cost. Happily, 
where the “classical” approach has been applied in practice, the profit objective 
has frequently degenerated to a number of subsidiary objectives expressed in 
strictly technical terms. Other simplifications have been possible. In addition, 
many systems have been designed from the outset as aggregations of independent 
subsystems, performing control functions that could be performed by conventional 
equipment but not as conveniently. In short, few of the operating computer 
control systems have employed comprehensive mathematical models or formal 
optimizing techniques such as linear or dynamic programming. Most of the de- 
sign work has been done by process, control and instrument engineers. As more 
powerful computers and sharper mathematical tools become available, however, 
more ambitious projects are being attempted. Operations research people and 
techniques should both play a larger role in the future; some areas for work are 
discussed in the paper. 


3We. 1. Minimax Solutions of Problems on Distributions of Search 
Effort, ALBERTO RAUL GALMARINO, Associate Professor in Mathematics, 
Northeastern University, Room 418U, Boston 15, Massachusetts. 
The problem of optimum distribution of search effort, as treated by B. O. Koor- 
MAN (Opn. Res. 5, 613-626 (1957)) and by J. ре GuzNIN (Opn. Res. 9, 1-7 (1961)), 
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is modified as follows: A target is known to be located in a certain space $. A 
searcher has a known total amount of search effort available F, to distribute in S. 
The searcher and the target are assumed to play a zero-sum two-person game, 
where the pay-off function is the overall probability of detection of the target by 
the searcher. The set of strategies for the target are all probability distributions 
g(x), хе9. The set of strategies for the searcher are all distributions f(z), 265, of 
the search effort F. The existence and properties of the minimax solutions de- 
pend on the space S and on the functional dependence p(f(x), x) of the probability 
of detecting the target with an effort f(z) when the target is at x. The minimax 
solutions are obtained and discussed under different assumptions on S and p(f(), 2). 


3We. 2. A General Antisubmarine Attack Model, Dn. ALEX HERSHAFT, 
Operations Evaluations Group, Center of Naval Analysis of the Franklin Instt- 
tute, Navy Department, Washington 25, D.C. 

A general antisubmarine attack model is developed in order to study the effect 
of various parameters on the probability of placing a weapon within a given distance 
of the target. Whenever practical, the probability distribution functions are 
presented in analytical form; other computational techniques are suggested in the 
remaining cases. A broad spectrum of component errors and other factors which 
bear on the fire control solution are discussed, and wherever possible, this con- 
tribution to the final probability distribution expression is formulated. Among 
the topics considered are the errors in estimated range, bearing, course, and speed 
of the target, the delivery errors of the weapon, and the value of prediction of future 
target positions and of evasive maneuvers. The model is designed to offer the user 
maximum freedom of choice as to the tactical situation, tracking method, weapon 
system, etc. Throughout, the underlying concern is less with the derivation of a 
pat formula ready for insertion of parametric values than with providing the user 
with an operational framework and the tools required for an intelligent evaluation 
and formulation of solution components. About 60 recent publications on the 
subject were reviewed in the preparation of this model. 


3We.3. An Analysis of Re-entry Vehicle Defense Penetration, HAROLD 
С. Sepring, Advanced Space Projects Department, Room 7246-CCF X7, 
General Electric Company, P. O. Box 8661, Philadelphia 1, Pennsylvania. 

An analytical model is developed to study the re-entry vehicle-defense engage- 
ment. It is applicable to any three-dimensional re-entry pattern of decoys and 
R/V’s. The problem is assumed to be concerned with six boundary states: (1) 
R/V detection range, (2) maximum R/V range at antimissile missile firing time, 
(3) decoy discrimination boundary, (4) maximum AMM range, (5) minimum R/V 
altitude at AMM firing time, and (6) minimum AMM burst altitude (dead zone 
boundary). The principal variables, such as AMM intercept rate, R/V re-entry 
rate, travel time in the attack zone, etc., are given a parametric analysis. Quanti- 
tative support is given to the utility to re-entering all objects with minimum time 
and trajectory spacings. Since the location of a decoy in the penetrating cloud 
may permit a gain in AMM firing time, it is concluded that randomly assigning 
decoy positions may not be the best strategy. The degree of order in the decoy 
position assignment depends on the ratio of available defense firing time prior to 
decoy discrimination to the available time thereafter. 
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3We. 4. Non-Heuristic Methodology for Determining Optimum Logistics 
Support for Manned Orbiting Space Laboratories, Вовевт Е. Burnes, 
Operations Research Assistant, Lockheed Aircraft Corporation, California 
Division, Burbank, California. 

Once a manned space station is successfully launched into orbit, it will be able 
to remain there only so long as it has supplies for both its crew and its own opera- 
tion and functioning. Consequently, before any attempts is even made to launch 
а space station into orbit, the logistics requirements associated with the station 
must first be identified, investigated, and proven capable of being accomplished 
successfully. Such an approach is mandatory to insure compatibility between 
the ground support and space station systems, in any space station program. In 
accomplishing this task, a methodology is developed whereby pertinent logistics 
parameters are identified and used as the basis for the formulation of two mathe- 
matical models. These models are constructed so as to investigate the effects of 
the parameters on each other, as well as on the overall logistics system. By em- 
ploying these models, many individual modes can be established in accordance 
with the basic logistics requirements of the space station system. Each such 
mode is defined in terms of space station crew size, amount of on-board reserve 
requirements necessary, resupply frequency, logistics vehicle(s), and launch vehicle 
booster(s) to be used. With such feasible modes identified, each is evaluated 
against the others in terms of system criteria chosen to maximize the time avail- 
able for experimentation on-board the space station, consistent with the physical 
constraints of the system. The manner in which these criteria are applied and the 
subsequent evaluation carried out constitutes a cost effectiveness analysis of the 
logistics system being considered. Based on this evaluation, the one mode that 
provides optimum logistics support is identified and recommended for implementa- 
tion in the particular space station program in question. 


* 8Wd. 1. On Flow Within Platoons, Автнов Daov, The Port of New York 
Authority, 111 Eighth Avenue at 15th street, New York, New York. 

The headway of a vehicle in a platoon on a single lane roadway can be con- 
sidered as a random variable whose expected value is a function of velocity. Data 
from the Holland Tunnel strongly suggests that the mean headway can be repre- 
sented as a linear function of velocity, and the distribution about the mean is log- 
normal. In addition to describing platoon headways, the log-normal distribution 
allows one to set up a significance level for classifying vehicles as platoon members 
or non-members. 


*3Wd. 2. The Dependence Between Vehicles in Single-Lane Flow, HAnorp 
GREENBERG, New York University, New York 63, New York. 

The speeds of successive vehicles are shown to follow a stochastic difference 
equation. Hypothesis testing is then used to determine the order of the depend- 
ence. The results tend to show whether a driver's behavior is affected by the 
vehicle ahead, two vehicles ahead, three vehicles ahead, etc. The relationship 
between successive speeds is found, and the results are shown for various roadways. 
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*3Wd.3. Single Lane Bus Flow, В. Вотневх, В. Sitver, & В. HERMAN, 
Research Laboratories, General Motors Corporation, Warren, Michigan; and 
С. TORNER, Styling Staff, General Motors Corporation, Warren, Michigan. 

À presentation will be given of a series of experiment carried out to determine 
the characteristics of single lane bus flow. Using pairs of buses the theoretical 
“car-following” model of single lane traffic flow which had been shown by previous 
work to be valid for automobiles was tested for this type of heavy vehicle by 
studying the detailed manner in which опе bus follows another. The validity of 
this model as applied to buses will be diseussed. Experiments involving platoons 
of up to ten buses were also carried out to determine their stability and steady 
state stream properties. The results from these platoon experiments will be pre- 
sented and compared with the predictions obtained from the bus following experi- 
ments, Movie films taken during the course of the experiments will be shown. 


*3We. National Cost Effectiveness Analysis Work Session. Chairman— 
Mr. Warrer Epwarp CusHEN, Economics and Political Studies Division, 
Institute of Defense Analysis, 1666 Connecticut Avenue, N W., Washington 1, 
р. С. 

The purpose of this working session is to explore the possibilities and impliea- 
tions of а cost-effectiveness approach to the problem of Federal program balance. 
An initial attempt to systematize the problem in terms of the U.S. budget programs 
and benefit-vs-cost considerations will be used as the jumping-off point for dis- 
cussion. Perhaps the major difficulty is that qualitative statements of national 
and agency goals are imperfectly matched with our ability to formulate an analyti- 
cal “Objective Function.” 


* 4Wa. 1. A Fast-Time Simulation Computer Model of an Autometed 
Terminal Area Air Traffic Control System, А. S. Jackson, and В. V. 
Мовѕе, Director of Research, Control Technology Inc., 1282 Belmont Avenue, 
Long Beach 4, California. 

This paper describes a generalized fast-time computer model of an sutomated 
terminal area air traffic control system. The model is based upon a single thread 
Monte Carlo approach and was developed for the Federal Aviation Agency to 
evaluate preliminary control concepts prior to comprehensive testing on a real- 
time terminal area experimental facility. The modular basis of the computer 
model which enables various approach geometrics and control modes to be se- 
lected by means of subroutines is presented. The model is shown to have the 
capability of including up to ten values for each of twenty parameters when ap- 
plied to the simulation of a semi-factorial experiment. In addition, the simula- 
tion of each of the major elements in the automated terminal is described. These 
include the control computer, air traffic controller and data link, pilot, aircraft, 
co-ordinate transformation, and radar with track while sean capability. The 
data analysis portion of the model includes a point plotter device which enables 
either on-line ground tracks to be displayed or plotted for specified runs. Specific 
applications of the model are also presented. These demonstrate its utility in, 
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determining the feasibility of control concepts and in carrying out fast-time ex- 
perimental studies where large amounts of data are needed when the contributions 
of human pilots and air traffic controllers are not critical to the outcome. 


4Wa. 2. Experience with an Urban Renewal Decision Simulation Model. 
WILBUR А. SrEGxR, Systems Research and Planning, Consad Research Corpora- 
tion, 8406 Fifth Avenue, Suite 801, Pittsburgh, Pennsylvania 15213. 

Under the sponsorship of the Housing and Home Finance Agency of the U. 8. 
Department of Commerce, the Center for Regional Economic Studies, University 
of Pittsburgh, and CONSAD Research Corporation of Pennsylvania, have de- 
veloped & digital computer simulation model capable of representing some of the 
impacts of urban renewal (such as clearance, rehabilitation, or code enforcement 
treatments), or non-urban renewal, types of municipal development such as capital 
improvement plans (streets, schools, publie safety, etc.) These impacts are in the 
areas of: population, employment, land use, social indices, housing types, market 
indicaters, income, growing and declining industries, ‘blight indices,’ and govern- 
mental measures (such as expenditure and revenue projections). As do all such 
models, this model basically contains several subsystems which are described in 
the enclosed flow diagram. Several portions of the model have already been run. 
The population, employment and industrial location submodels have produced 
results for urban decision making. The “data bank” requirements of such a model 
are enormous, and the centralized information system of the City Planning De- 
partment of Pittsburgh, which has taken many years to develop, is a necessary 
contribution to the development and useful running of such a model. In addition, 
experimental designs for maximizing the informational content for urban decision 
makers, consistent with their present decision/information system, are being de- 
veloped. The assumption underlying the model and further planned refinements 
will also be discussed. 


4Wa. 3. A General Purpose Simulation Technique for Modeling Military 
Operations, Marvin Ковмвгон, Reno A. Merano and JAMES E. 
O'Hara, Washington Systems Center, IBM Corporation, 7900 Wisconsin 
Avenue, Bethesda, Maryland. 

A study was conducted to demonstrate the feasibility and applicability of a 
general purpose technique for (1) Depicting the interactions between friendly and 
hostile forces in executing tentative or established plans; (2) Providing a more 
refined approach to measuring the significance of changes in opposing force activity 
and potential. The technique is known as the General Purpose Systems Simulator 
(GPSS) developed by the IBM Corporation. It develops simulation models in 
terms of block diagrams and logical flow of information through these blocks. 
The GPSS approach has a number of advantages: (a) Enables the model-builder 
to form operational concepts and test these concepts on a digital computer even 
if he lacks knowledge of machine programming and equipment characteristics; 
(b) Enables the model-builder to be his own programmer eliminating the need for 
communication between analysts and programmers and reducing costs; (c) De- 
creases the time required to build simulation models and experiment with them; 
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(d) Facilitates initially building a simple model and gradually introducing more 
complexity, flexibility and sophistication. The military operations model de- 
veloped was meant to be applicable to an environment in which the enemy torce 
does not maintain fixed battle positions and hence is relatively mobile, has varying 
degrees of firepower, and available intelligence pertaining to enemy force structure 
and location is frequently unreliable. The model constructed depicted tactical 
operations (reconnaissance and airlift) in a limited war environment. The model 
was designed to be as “game” oriented as possible. Formal decision rules were 
prepared, assumptions explicitly stated and reasonable inputs hypothesized. "Trial 
runs were made on the IBM 709. The study concluded that GPSS can be weful 
to and personally used by operationally sophisticated personnel to effect:vely 
simulate a wide variety of military operations at minimum cost. It makes it 
possible for operational planners to conceive format precluding the necessity to 
separately construct а conventional flow chart and write a computer program. 


4Wa. 4. An Introduction to C.S.L., Dr. J. G. Lasxr, and J. N. BUSTON, 
Corporate Planning Department, Esso Petroleum Co. Ltd., Victoria Street, 
London, S.W.1., England. 

A description of the Control and Simulation Language (C.S.L.) developed by 
Esso Petroleum Company and IBM (U.K.). This programming system is ap- 
propriate to the formulation of decision-making rules for scheduling in complex 
discrete stochastic systems and for simulating queueing systems. The under- 
lying logical ideas, the area of its application and relevence, and the implications 
of its use are discussed. Examples of the use of the language and its compilation 
into IBM 7090 language on an IBM 1401 computer are given. 


4Wb. 1. Clustering Of Defectives In Time, ЈоѕеРН I. Naus, Institute of 
Naval Studies, Center for Naval Analyses of the Franklin Institute, 646 Tech- 
nology Square, Cambridge 39, Massachusetts. 

A certain manufacturing process under normal conditions produces або М 
defectives a day. The quality control department's main concern is serious lapses 
in quality that last p of the day or less. For this reason, they feel that looking at 
intervals longer than p would mask the abnormal conditions by the normal. Two 
simple schemes are considered: (1) Disjoint Scheme: Divide the day inte 1/p 
disjoint intervals of length р; call the process “out of control" if n or more cefec- 
tives appear in one of these intervals. (2) Scan Scheme: Keep а running count 
of the number of defectives in the past period of length р; that is, continuously 
sean the day with an interval of length p. Call the process "оці of control” if n* or 
more defectives appear in the scanning interval. Every quality control scheme 
has в particular "level"; this is the probability of calling “out of control” ziven 
that the process is actually in control. To compare schemes (1) and (2) we give 
them the same level by a proper choice of n and n*—due to the disereteness of n 
and n*, randomization is necessary to give the two schemes the same level. We 
assume that when the process is under control that the № defectives are distri;uted 
at random over the day (we relate this to the usual assumption of Poisson arrivals). 
For this assumption, the level of the disjoint scheme reduces to a classical occu- 
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pancy probability. The level of the scan scheme is the probability, P(n*|N;p), 
that there exist a subinterval of the day of length p, that contains at least n* out 
of the М points. Naus [1] derives explicit formula for P(n*|N;p) for п" » N/2, in 
terms of simple tabulated quantities. Quality control also investigates gradual 
lapses in quality due to worker fatigue. When the process is working normally, 
the times that the defectives happen are distributed at random over the day. 
When fatigue sets in, the defectives are more likely to occur at the end of the day; 
the times are in this case taken as distributed with cdf. F(z) —z",b»1. The 
greater the effect of fatigue, the greater is k. We show that for this alternative 


hypothesis and n,n* > М/2, 
Level Disjoint Scheme = М, (1) 
Power Disjoint Scheme ~ZM, (2) 
Level Scan Scheme =n M, (3) 
Power Scan Scheme є (п М); (4) 
where, 
= N n-1 
M = (7) p, (5) 
апа 
ke 


p же ee 6 
nk -n 41 (6) 
We use these approximate (р small) results to indicate why the scan scheme is 
more powerful (against the alternative F(x) =x") than the disjoint scheme. [1] 
Naus, J.; Clustering of Random Points т Line апа Plane, (Unpublished Ph.D. 

Dissertation, Department of Statistics, Harvard University), 1963. 


4Wb. 2. Redetermination of Favourable Conditions in Chemical Reac- 
tions, GEOFFREY Г. Соскнил, Chemeell(1963) Limited, 1155 Dorchester 
Boulevard. West, Montreal, Quebec. 

The empirical elucidation of the response (yield, purity, etc.) of a chemical system 
in terms of the controllable factors in the system is frequently accomplished by 
fitting quadric surfaces to data from second order experimental designs. Such 
representation is usually followed by reduction to canonical form, from which may 
be ascertained the local nature of the response surface and optimum or other fa- 
vourable conditions. Implementation of these favourable conditions, regrettably, 
often gives disappointing results and it is concluded that the system has somehow 
changed. A mechanism to explain this behaviour is advanced. It is suggested 
that the set of unknown relationships between controllable factors—the latter 
usually selected merely through convenience in manipulation—and the funda- 
mental causal variables of the system, constitute a state of the system. Not un- 
commonly this state may change—particularly from one series of runs to another, 
from reactor to reactor, and in scaleups. Follow-up runs will inevitably be disap- 
pointing if made under another state. A “disappointment” statistic is defined and 
its mathematical nature exhibited. Formulas are presented whereby new run 
disappointments are coupled with the original analysis to yield a measure of state 
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change. Ву these means new favourable conditions can be determined from fesver 
new runs than a full design would entail. Under special circumstances а single 
new run suffices. А strategy of experimentation which exploits the fermulas is 
outlined. Extensions are made to linear systems and to the simultaneous oceur- 
rence of state change and conventional block effects. An example is given. 


4We. 1. System Evaluation Techniques Applied to the Design o? a Satel- 
lite Communication System, STANLEY Haver, Aerospace Grouw, Hughes 
Aircraft Co., Mobile Mid-Range Ballistic Missile Division, Р.О. Eox 90Е16, 
Los Angeles 9, California. 

System evaluation is defined as consisting of a series of interrelated studies: 
market analysis; performance-design analysis; operations analysis; and cost analy- 
sis. The objective is to determine a set of optimum or efficient system specifca- 
tions and operating characteristics as a function of profit or mission cbjectives. 
Although commercial systems are examined in detail the technique can be app-ied 
with modification to military systems. In the market analysis area a p-eliminary 
demand model is structured as a function of projected number of telepkone calls, 
average duration of a call, message rate and an absorption factor to account for 
other-than-satellite systems absorbing some of the demand. The projected num- 
ber of telephone calls is a function of the growth rate. Regression techniques are 
then used to correlate telephonic traffic with selected indicators of economic gro-vth 
to determine growth rate by geographical area. Projections of telephcnic traffic 
are then translated into channel requirements. The objective of performamce- 
design analysis is to determine system growth as a function of capability or ca- 
pacity. Growth, indicated by weight, size and complexity, forms a basis for cost- 
ing. А series of curves can be developed indicating satellite weight anc cost as a 
function of number of channels for example. In this way satellites can be meted 
with boosters, launch costs determined, and design-cost studies performad. 

In the operations analysis section launch base parameters are analyzed as they 
relate to facility requirements (number of pads to maintain а launch rate); eqaip- 
ment quantities (to include the effects of launch reliabilities and replacem=nt rates) ; 
and base and ground station personnel requirements. This data prov-des irput 
to the costing activity. Cost analysis consists of developing cost factors and then 
structuring a cost model as а function of launch base requirements, booster design 
and reliability factors, satellite design and operational factors, terminal stat-ons 
and data centers. A simplified launch cost equation (booster cost aad launch 
reliability, satellite cost and placement reliability, and replacement rates) is then 
used to compare the random and synchronous systems. In an intersystem com- 
parison between a submarine cable and satellite system a breakeven distance is 
determined beyond which a satellite system is less expensive. The resu-ts of each 
of the above studies are then integrated in a system evaluation section which 
develops a quantitative cost-effectiveness index as a function of performence 
and operational parameters. In addition, some econometric techniques are used 
to determine relationships between sales, profit and launch cost. A model is de- 
veloped for profit as a function of revenue and satellite production cost. Profit 
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8 also expressed as а function of channel capacity of the system. These relation- 
ships can be used to set wage incentives for contractors and engineering and manu- 
facturing personnel. 


4We. 2. Utility of Partially-Failed Communications Satellites as a 
Reserve, FRANK D. Mason, Building 366, Май Station 822-B, Hughes Air- 
craft Company, Culver City, California. 

A communications satellite with multiple channels must maintain operation 
with some minimum number of channels or it becomes necessary to launch another 
satellite to replace it. The question then arises as to the disposition of the original 
satellite. For some optimal mixture of economy and service quality, should the 
remaining channels in the old satellite be used until they fail, replacing them with 
new channels in the new satellite? Should the old satellite be turned off and held 
in reserve for the possibility that the new satellite may fail unexpectedly? The 
use of reliability and failure rate predictions to provide the basic information en- 
abling optimal replacement decisions to be made and to determine the effects of 
policies regarding a satellite reserve is described in this paper. 


4We. 3. Scheduling in a Multiple Satellite Environment, ROBERT A. 
Тотяснек, System Development Corp., 2500 Colorado Avenue, Santa Monica, 
California. 

Recently, the Satellite Control Facility, SCF, operated by the U.S.A.F. in 
Sunnyvale, California, has expanded from a single satellite to a multiple satellite 
control capability. The guiding principle of operation in a multiple satellite en- 
vironment is that each satellite vehicle time-shares component equipments of the 
SCF in accordance with its requirements and its priority among the set of active 
vehicles. This paper discusses the techniques used for applying this principle by 
the computer program for multiple satellite scheduling operations, called SCHOPS. 
SCHOPS predicts the satellite environment for the schedule interval. Considering 
the tracking, telemetry, and commanding requirements of each satellite, SCHOPS 
determines when conflicts for SCF equipments will arise during the interval. 
Using a dynamic priority logie, SCHOPS resolves these conflicts and produces 
co-ordinated schedules of activities for the SCF. Scheduled activities include 
the following: 1. Determination of the times at which each satellite is to be 
serviced by specific tracking stations. 2. Assignment of computer time at the 
control center for running associated support programs. 3. Allocation of com- 
munication lines between the control center and remote tracking stations. 4. 
Scheduling of equipment maintenance at the SCF. The paper is primarily con- 
cerned with the problems of multiple satellite scheduling and the workings of the 
dynamic priority logic, but some space is devoted to the options available to the 
computer program users who are the ultimate decision makers. 


4We. 4. Approximations for Satellite Distributions, Ricaarp Г. Ілмк, 

Statistical Techniques Research Group, Princeton University, 167 Nassau Street, 
Princeton, New Jersey. 

The mathematical expressions for the distribution of the number of launches 

required to put up a satellite system (putting up distribution) and the distribution 
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of the system outages (system is incomplete because of satellite deaths) tend to be 
rather complicated functions of satellite mean life, satellite life distribution, number 
of launch pads, launch pad turnaround time, launch reliability, launch protocol, 
and, also, for the outage distribution, the precise nature of the satellite configura- 
tion. The characteristics of these distributions can sometimes be rather well ap- 
proximated by simple models. Comparisons are presented between the results 
of a detailed investigation taking into account all relevant factors, and approxi- 
mations utilizing many simplifying assumptions for a three position, six satellite 
(two satellites per position) synchronous (24 hour orbit) satellite system. The 
detailed putting up distributions are compared with a model derived by Ross and 
Rosansxy. The outage distribution is compared with a simple system assuming 
exponential lives and constant.launch rates. In general, the approximate results 
agree closely enough with the more exact results to give useful insight into system 
behavior. Thus decisions which are not sensitive to the fine structure of system 
behavior can safely be made using such approximate results. 


* 4Wd. 1. The Action Point Model of the Driver-Vehicle System, E. Р. 
Торозіву, The Ohio State University, Department of Electrical Engineering, 
2024 Neil Avenue, Columbus 10, Ohio. 

The action point model is a statistical mathematical model of the driver-vehicle 
complex and is based on the threshold sensitivities of the human driver to the 
physical variables of relative velocity and acceleration. This model deals specifi- 
cally with the car-following situation but the basic concepts of the model are general 
enough such that the model could be developed to completely describe the driver- 
vehicle system as well as the interaction between vehicles in a platoon of vehicles. 
In this model, it is shown that the driver uses a perception-action process in con- 
trolling his vehicle. Since the driver makes repeated use of this process, it can be 
considered as a highly overlearned process and consequently the driver performs 
in an automatic fashion in the sense that he is not aware of either the stimulus or 
the resultant response. The perception-decision-action process is employed to 
show how the driver maintains stability in car-following. 


* 4Wd. 2. Optimum Control Of A System Of Oversaturated Intersections, 
Denos C. Gazis, Watson Research Center, I.B.M., Р.О. Box 218, Yorktown 
Heights, New York. 

The problem of optimizing the control of two oversaturated traffic intersections 
has been treated using the semi-graphical methods employed in a previous paper 
for an isolated intersection. As in the case of a single intersection the optimum 
control is of a bang-bang type, along edges of the control region, which in this case 
is defined by the permissible ranges of the green phase splits. An analytical formu- 
lation of the method using Pontriagin’s control theory will also be given. 


4Wd. 3. Transportation Science Section Of.O.R.S.A. Business Meeting, 
CH AIRM AN—Lesur С. Evin, The Port of New York Authority. 


4We. 0. National Cost Effectiveness—Work Session. 
(For abstract of this session please see 3We. 0) 
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* ITa. 1. Role of Cost in Military Decisionmaking, WILLIAM А, NISKANNE, 
Director, Special Studies, Office of the Assistant (Comptroller), Department of 
Defense. 

The paper, although taking account of the importance of cost in currently opera- 
tional systems and those being considered for initial procurement for inventory, 
will focus on the particular challenges and problems of applying analytical tools 
to system design and general military objectives for the periods 5, 10, and 15 years 
in the future. Resource requirements or cost is a major parameter in these studies, 


* ITb. The Practice of Operations Research, CHAIRMAN: Dr. Huen Misr, 
The Mitre Corporation, Bedford, Massachusetts. 

The purpose of this session is to explore issues of current concern relating to the 
practice of operations research as a profession. Such matters as these are candi- 
dates for discussion at this session: the proper roles of OR consultants, client- 
consultant relations, controlling the quality of OR work, ethical principles, and the 
publication of case histories relating to work on problems from environments 
subject to military or industrial security. In order to single out the issues of 
greatest mutual concern and concentrate the discussion on them, the session will 
have three parts: In the first part each panelist will make a brief statement, in 
the second part the panelists will comment on these statements, and in the third 
part the audience will be asked to join the discussion. 


1Te. 1. On Round-Off Errors in Linear Programming, HEINER MULLER- 
Меввадсн, University of California, Operations Research Center, Richmond 
Field Station, 1801 South 46th Street, Richmond, California. 

During linear programming procedures round-off errors arise which are to be 
reduced by reiteration techniques. The paper presents the results of an investiga- 
tion that deals with how these errors cumulate, how they may grow to а value 
which impairs the significance of a solution seriously, and what kind of easily 
computed parameters correlate to the mean value of round-off errors. Besides 
that, the influence of setting equal to zero those matrix elements which obviously 
consist only in round-off errors has been evaluated. The aim of this evaluation 
was to learn about the importance of error elimination and to find out the useful 
frequency of reiterations. The Normal Simplex Method and both the explicit 
form and the product form of the Revised Simplex Method have been considered. 
The computer runs were begun on the NCR 803B and continued on the IBM 7090. 
The test problems were those of the SCEMP Project and others. 


ТТе. 2. Location-Allocation Problems in the /,-Metric, A. CHARNES, 
J. Б. Quon Амр В. J. Wznsaw, Northwestern University, Evanston, Illinois. 
The £,-metric is applied to a certain class of location-allocation problems reducing 
them to linear programs with integer requirements. The properties of the ¢;-metric 
are used to establish a theory of “median sets” which underlies an algorithm yield- 
ing local optima with-out recourse to actual solution to the linear programs. 


1Те. 3. Maximizing the Information Value of a Linear Programming 
Model, Donatp W. Јонмѕом, Vitro Laboratories, 14000 Georgia Avenue, 
Silver Spring, Maryland. 
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Most practical decision making problems involve many variables, and high de- 
grees of uncertainty in parameter values, and the utility function. In order to 
determine how many dollars to spend on reducing the uncertainty via increased 
sampling and improved approximation, or to determine how to save computation 
time and/or money via approximation, or eliminating variables, one must maximize 
information value (gain less cost). This decision theoretic approach is applied to 
the problems of deciding how much precision should be accepted in linear program 
cost, stipulation, and co-efficient values. The methods discussed will involve 
much more than the usual sensitivity analyses occasionally discussed in the litera- 
ture. A method for estimating how much money to spend on improving informa- 
tion quality, and for deciding how to spend it will be presented, and applied to a 
linear programming problem. 


*1Td. 1. Gap Acceptance Probabilities, Donatp P. Gaver, Carnegie In- 
stitute of Technology, Pittsburgh, Pennsylvania. 


*1Та. 2. Gap Availability And Acceptance at a Left Side and Right Side 
on Ramp, Арорн D. May, JR., State of Illinois Department of Public Works 
and Buildings, Division of Highways, 160 North La Salle Street, Chicago 1, 
Illinois. 

А ramp metering device has recently been installed to automatically adjust the 
maximum allowable ramp volume according to the expressway traffic density 
level in order to maintain satisfactory operation on the expressway. A study of 
gap availability in the shoulder lane in advance of the ramp, and the acceptance 
of gaps by ramp vehicles is now under way. The purpose of this study is to revise 
the metering scheme at the presently controlled ramp and to develop a metermg 
scheme for two additional ramps which will be controlled in the near future. The 
Pilot Detection System permits the recording on punch paper tape, the arrival 
times of individual vehicles, and one characteristic of the vehicle or traffic flow, 
such as traffic density. For each density level, time headway distributions are 
determined and attempts are being made to express the distributions mathematically. 
Time lapse photography is employed to obtain gap acceptance data for each ramp 
being studied, and for various density levels. Again, an attempt is being made to 
express the gap acceptance distribution mathematically. The combining of the 
two distributions will result in the predicting of the number of acceptable geps 
for various density levels. This knowledge will permit a greater insight in selecting 
the ramp metering level for various densities. 


* 1Та. 3. Stochastic Traffic System, Whose Service Times Increase with 
Occupancy, WarrER Нет, The Port Of New York Authority, 111 Eighth 
Avenue, New York, New York. 

Some traffic service systems are characterized by service times which increase 
with the number of patrons undergoing service simultaneously. Certain examples, 
including the placement of toll telephone calls and the operation of a road trafic 
circle, are modelled to explore this property. It is shown that the traffic capacity 
of such systems can be maximized only if some of the customers are rejected or 
retarded. 
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* I Td. 4. Maintenance of Commuter Train Schedule, б. Е. NgwzrL, and 
В. B. Porrs, University of Adelaide, South Australia. 

The maintaining of а regular schedule is important for the satisfactory and effi- 
cient operation of a bus or train service. The way in which a deviation from the 
regular schedule tends to amplify and give off-schedule running is investigated 
for a simple mathematical model in which customers have a time independent rate 
of arrival at each stop. It is shown that as trains pick up passengers there is a 
tendency for them to pair together because a late train must serve more customers 
and will get further behind schedule but the next train will serve fewer customers 
and get ahead of schedule. 


* 2Та. 1. Concepts of Resource Analysis, MAJOR GENERAL ROBERT J. FRIED- 
MAN, Director of Aerospace Programs, Office of the Deputy Chief of Staff, Pro- 
grams and Requirements, Headquarters, U.S. Air Force. 

This paper will be the first of two presentations which will be given in the in- 
vited session on Concepts and Methods of Military Cost Analysis. It will cover 
concepts such as incremental cost; major resource flow—Research, Development, 
Test and Evaluation required to attain a capability for the military forces, initial 
investment required to install the proposed new system(s) in the operating in- 
ventory and recurring or annual costs that must be met each year throughout the 
life of a system; as well as the major resource categories that must be identified to 
insure comparability in costs—different aircraft or aircraft compared to missiles, 
carrier-based aircraft or ground troops. 


* 2Ta. 2. The Use of Cost Analysis in the U.S. Navy, Caprain Evan Р. 
AURAND, Office of the Chief of Naval Operations. 

This paper will be the second of the two presentations which will be given in the 
invited session on Concepts and Methods of Military Cost Analysis. It will 
cover the application of presently available concepts and methods of cost analysis. 
An actual case will be used drawn from current experience of the United States 
Navy. This will be a description of the problems encountered and the steps taken 
to provide more adequate information for the decisionmakers at every level of 
action. 


* 2Tb. The Practice of Operations Research (Continued): Invited Session, 
(For abstract see 1Tb.) 


2Те. 1. Methods for the Solution of Fractional Linear Programming Prob- 
lems, H. C. Јокѕсн, The Mitre Corporation, Box 208, Bedford, Massachusetts, 
U. S. А. 

Our problem is to maximize the quotient or another fractional linear function of 
two linear functions whose variables are constrained by linear equations and/or 
inequalities and have to be non-negative. Some methods for the solution of one 
of these problems have been published. We present а new method which is 
applicable to а broader class of problem than the known ones. We reduce the 
problem to а parametric linear programming problem. If we keep the value of а 
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denominator in the objective function fixed, we have a problem with a linear objec- 
tive function remaining. Solving this problem with the value of the denominator 
as а parameter parametrically, we can obtain the optimal solutions and identify 
them by the use of one entry in the simplex tableau. 


2Tc. 2. The Menu Problem, Josera L. Влимтғү Dr. Ena., Associate Pro- 
fessor of Operations Research School of Business Administration, Tulane Uni- 
versity, New Orleans. 

Decisions concerning the nutritional qualities and cost of food service in institu- 
tions are made in the form of menu planning. The objectives of menu planning 
expressed by mathematical programming models leads to a set of problems, called 
“menu problems” which are concerned with finding the optimum combination of 
menu items satisfying specified nutritional, structural and variety requirements 
for a sequence of days. For non-selective menu plans the menu problem is identi- 
fied with a bounded variable integer programming version of the well known diet 
problem. Experience with the use of two conceptually different computer codes— 
one with on-line adjustment option—is available, and results indicating up to 30 
per cent potential cost saving are demonstrated. For selective menu plans, the 
methodology and outline of the use of several non-linear programming techniques 
is discussed. 


2Те. 3. Schedule-Sequencing Problems, Henri L. ВЕЕМНАККЕВ, Stanford 
Research Institute, Menlo Park, California. 

A number of commodities, with routing specified, has to be scheduled on a number 
of facilities, such that an optimum is obtained for the integrated production process. 
A commodity can have two or more specified routings. Associated with each 
commodity there is a set-up cost, which depends on the product manufactured im- 
mediately prior to the one under consideration. The resulting schedule is optimum 
with respect to set-up costs, total processing time, idle time of facilities, production 
rate and workforce requirements. Some of these factors are diametrically opposed. 
Two factors A and B are diametrically opposed if and only if a production process 
which is optimum with respect to A implies that the production process is defi- 
nitely not optimum with respect to B. For instance, total processing time and 
workforce requirements are two factors which are diametrically opposed; a schedule 
which results in а minimum total processing time shows in general a high varia- 
tion in workforce requirements and a schedule with stable workforce requirements 
has a long total processing time. The optimum schedule is obtained by balancing 
out the economies and diseconomies of the factors which are diametrically opposed. 
A combination of scheduling and linear programming techniques is applied. 


* 2Td. 1. Two Problems in Scheduling Manpower, A. М. Ler, and В. У. 
LiNpER, Trans Canada Air Lines, Place Ville Marie, Montreal, Quebec. 

In a reservation office there are several tasks which vary in size throughout the 
day. The reservations telephone answering workload is governed by customer 
habits; the workload relating to control of passenger check-in at departure is 
governed by the flight-schedule. The problem forecasting the workload in any 
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period and in scheduling the minimum manpower resources to handle it whilst 
retaining certain service standards are described. These are case-histories. 


* 2Td. 2. Optimizing Performance in an Automatic Freight Car Classiffi- 
cation Yard—An Interim Approach., С. E. Law, D. C. Lacu, anb С. У. 
JacquEMAIN, Canadian National Railways, Department of Research & De- 
velopment, P.O. Box 8100, Montreal, Quebec. 

In automatic classification yards, freight cars are released at the crest of a hump, 
automatically switched into tracks according to their destination, and retarded to 
ensure coupling at a suitable speed. The required release speed of a car from the 
last retarder is predicted by an analog computer from measurements of the ac- 
celeration of the car on a known grade and from measurement of the distance to 
point of coupling on the destination track; over 250 coefficients used in the predic- 
tions can be varied. Management’s dissatisfaction with the number of over- 
speed impacts received by cars led to the formation of an OR team to “evaluate 
the performance" of one of CN’s yards. Preliminary tests revealed a large number 
of significant variables (track, track condition, car type, car weight, etc.), and 
sampling procedures were developed to cope with this problem. It was concluded 
that substantial modifications were necessary to produce acceptable performance. 
The tracks whose improvement would yield the greatest return in the shortest time 
were identified by а computer traffic analysis, and empirical adjustment of com- 
puter coefficients relating to these tracks was carried out. Methods of reducing 
variance of performance were examined, leading to extensive lubrication tests. 
Severe physical restraints limit the reassignment of traffic from one track to another, 
but the first steps towards an optimum reassignment were taken. Work is pro- 
ceeding on optimization of the total hump yard system, including consideration of 
damage to cars and contents, throughput time, operating costs, and possible 
equipment modifications. 


* 27d. 3. Simulation Models of Railway Terminal Operations, FREDERICK 
А. Koomanorr, Department of Engineering Physics, Battelle Memorial In- 
stitute, 605 King Avenue, Columbus 1, Ohio. 

The modeling of a freight classification yard represents a major simulation 
modeling problem. The combinatorial possibilities and various decision rules and 
procedures involved in determining priorities of car movement and methods of 
physically handling cars are extensive. Simulation of mainline movement of 
trains in railroading has received the major research attention because of the more 
clearly defined boundaries represented by this physical process. A first-genera- 
tion simulation model of terminal operations has been developed at Battelle as 
part of the Railroad Systems Research Group study of freight transport opera- 
tions. When the entire model is completed, evaluation of changes in input volume, 
sequence, and times may be made as well as analysis of changing policy rules, 
physical plant, physical equipment such as switch engines, etc. The present 
model can approximate many solutions. А simulation model of the diesel service 
area has been completed. This model processes locomotive units through a diesel 
service area and permits study of changes in personnel, routing, input or output 
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schedules, procedures, work rules, etc. The discussion will describe these models 
indicating the understanding of я complex system that can be gained by develop- 
ment of dynamic deterministic models. Probabilistic aspects of input, e.g. nım- 
ber of bad order cars, etc., can be handled by standard Monte Carlo metkods 
outside of the model, permitting more flexibility in the study of terminal and d'esel 
service area problems. 


3Ta. 1. Generalized Cost Models for Very Large Programs: Natianal 
Space Program Application, Dr. Сковсв W. MORGENTHALER, GEORGE 
Fospicx, and Dr. В. S. Novosap, Martin Company, Denver Division, Dewer 
1, Colorado. 

The creation of a model to be used as а planning tool for the efficient allocazion 
of funds among the various projects that constitute a very large program is de- 
scribed. The particular application confronting the authors pertained to the 
National Space Program. Questions of the nature of “In what particular space 
technologies should В, & D be supported?”, “How does the timing of a given space 
vehicle development project affect the entire program?", “What are the indicators 
which can be used to judge the economic consequences of the total Space Program?" 
are discussed. The mathematical description of the approach to this Space Pro- 
gram problem has the same formalism as other large resource allocation problems. 
The interest and challenge lie in the following aspects of applying the theory <o a 
program of such magnitude: 1. Not only is there no clear cut picture, but there 
is sharp controversy as to what the goals and benefits of such a program are. 2. 
Cost and value parameters abound and are difficult to quantize so as to be cn a 
comparable scale, i.e., risk to life, military worth, national prestige, acqu.red 
scientific knowledge, etc. 3. The restraints are not easily obtained. The total 
funds available for space projects over the next several decades are difficuls to 
estimate. The same is true of the performance that will be obtained from the 
launch vehicles and space systems proposed but for which real performance and 
reliability data are not available. 4. The “state” of a space program at any given 
time may be described as the projects which are active at that time. Not only 
is much expert opinion needed to prediet the space projects of the future, but the 
state is difficult to formalize for model usage. Contrasts between model building 
and making a program study are made. The model maker has imposed on aim 
the following requirements. 1. Flexibility: Value judgments must reflect the 
varied opinions of the model users, not those of the model maker. The user must 
be allowed to input his projection of future space developments and to choose space 
missions that he considers essential. 2. Convenience: The detailed prepara-ion 
of data, lengthy calculations, and a great deal of technology must be short cir- 
euited by the model. At the same time, employment of the model should not 
require much study or special skills in order that it can be used by top level de- 
cision makers. 3. Credibility: The data and analytic methods necessarily -ack 
accuracy (it is difficult to obtain a good picture of costs of past programs, much 
more so to obtain costs for a poorly defined concept). The implications of stuclies 
made with the model must be consistent with these shortcomings. Finelly, 
questions such as whether launch vehicles should be designed so as to be recoverable 


В-54 Abstracts of Papers 


are used to point up the need for models capable of looking at very large programs 
in their entirety. 


ЗТа. 2. Stochastic Nature of Military Cost Analysis, ALFRED С. ASWAD, 
Douglas Aircraft Company, Inc., Santa Monica, California. 

During a Total System Cost Analysis of a Manned Orbital Space System the 
author was confronted with the problem of what is known in military costing 
circles as requirements uncertainty. This was not due so much to uncertainty in 
the configuration of the system being costed but due to the stochastic. nature of 
the number of launeh vehicles, ferry vehicles, resupply vehicles, etc., required to 
complete the total mission. This problem was induced by reliability considera- 
tions. Two statistical techniques are presented which offer methods of dealing 
with this problem together with a preferred technique. 


3Ta. 3. Military Cost Effectiveness of Advanced Manned Aircraft Sys- 
tems, Уиллам E. Дісківом & Roprric М. Drxon, Systems Engineering 
Group, Research and Technology Division, Airforce Systems Command, United 
States Air Force, Wright-Patterson Air Force Base, Ohio 45438. 

A weapon system is, by definition, composed of equipment, skills, and techniques, 
the composite of which forms an instrument of combat, usually but not neces- 
sarily, having an air vehicle as its major operational element. A weapon system 
may be divided into four interrelated elements: (1) a vehicle, (2) a military task 
or mission, (8) the personnel, materiel and facilities required to make the vehicle 
operationally effective to perform the specified tasks, and (4) an operational plan 
for employing the vehicle, personnel, etc., to perform the specified task. Implicit 
in the definition of a weapon system is the requirement for a definite quantity of 
vehicles. Each element of the definition is essential. A significant change in 
any of the elements may materially affect the cost. It is, therefore, essential that 
all elements of a weapon system be spelled out explicitly. before any cost analysis 
or operations analysis of the weapon system is undertaken. When changes in the 
quantities or phasing of the vehicles are made, it is important to determine the ef- 
fect of such changes on the military task and operational plan which in turn de- 
termine the personnel and support requirements. Substantial errors in cost may 
be introduced if this is not done. There are many problems in attempting to as- 
sign operating costs to a particular weapon system. ‘These difficulties arise in- 
dependently of the characteristics of the weapon system, of the type of cost being 
computed, or of the cost method employed. For example, a large part of the Air 
Force assets are common to more than one weapon system, thus creating a problem 
of joint cost allocation. Further, allocation methods suitable for historical weapon 
systems may not be adequate for projecting costs of future weapon systems. Like 
most enterprises, many Air Force activities involve certain fixed costs incident to 
being in existence. Since these costs are fixed in total, the cost per unit or system 
varies with the number of units or systems. It is also possible to effect substantial 
cost adjustments by changing the operation of a weapon system without changing 
the quantity or phasing. These Operational Changes may be in readiness, de- 
ployment, maintenance concept, base configuration or mission. There is some 
evidence that costs attributed to a weapon system depend on the size and composi- 
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tion of the rest of the Air Force. If we phase in a new system during а period 
when the Air Force is contracting in size, many assets already paid for may be 
used by the new weapon system. Facilities may be available for the cost of modi- 
fications. If, however, the new weapon system is introduced during a period of 
overall Air Force expansion, these resources and facilities may have to be pur- 
chased new, and the costs assigned to the new weapons system resulting in a much 
higher total system cost. These conditions contribute to a region of uncertainty 
surrounding the cost of а weapon system. Such costs are adequate to effect a 
choice based on a cost-effectiveness comparison between two or more design varia- 
tions of the same basic weapon system or between two closely similar weapon 
systems. Practitioners of operations research sometimes need to remind them- 
selves that cost is not synonymous with value and that cost is not a suitable basis 
for comparison unless value can be measured independently of cost. Data for 
this paper will be from current studies conducted by the Operations Research 
Division, such as CX-4, CX-6 or AMP. 


* 3Tb. Mathematical Biology & Operations Research, CuHATRMAN—Dz. E. 
МУ. Paxson, The RAND Corporation, Santa Monica, California. 

This session is a panel discussion exploring the possible future interface between 
mathematical biology and operations research. It 1s hoped that the discussants 
will touch on such topics as: (1) Command and Control; (2) Nervous" Systems 
for Automation; (3) General Problem Solvers; (4) Pattern Recognition; (5) Systems 
Questions Involving Hardware Arising from Bionics; (6) Physiological Systems 
and Man-Machine Interactions; and (7) Applications in Clinical Medicine. 


ЗТе. 1. Network Algorithm for the Traveling Salesman Problem, JoHN 
МУ. SUURBALLE, Bell Telephone Laboratories, Inc., Murray Hill, New Jersey. 
There are several ways to represent the set of (n—1)! traveling salesman tours 
through п cities as a subset of origin to destination paths in a network, with path 
length in the network corresponding to tour length for the salesman. In these 
networks there is a non-negative, but generally positive, separation between 
shortest path length and optimal tour length. In two such networks, algorithms 
for the optimal tour (and in general, kth optimal tour) have been developed com- 
bining three procedures: (a) A simple linear program for certain branch distance 
perturbations which minimize the separation between shortest path length and 
optimal tour length. (b) A path-partitioning algorithm for separating the paths 
through an arbitrary subnetwork from the remaining paths in the network, by 
terminating them at separate destination nodes. (с) An algorithm for determin- 
ing shortest paths between origin and destination in the network. The program 
applies to distance matrices with arbitrary real numbers, non-symmetric in general. 
Tt finds all optimal tours, and may be continued to find the set of all kth optimal 
tours. Computing experience will be discussed. 


ЗТе. 2. The Sequential Unconstrained Minimization Method for Non- 
linear Programming, Амтному V. Fiacco, Garts P. McCormick, Re- 
search. Analysis Corporation, McLean, Virginia 22101. 

The present method is based оп а formulation proposed by C. W. CAEROLL 

(“The Created Response Surface Technique for Optimizing Nonlinear Restrained 
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Systems," JORSA, Vol. 9, No. 2, 169-184, March-April 1961). А smoothing 
function is defined that makes it possible to convert the original constrained mini- 
mization problem into a sequence of unconstrained minimization problems. Theory 
supporting the validity of the method has been extensively developed. Signifi- 
cant extension of the original approach has been possible and several of the more 
important results will be given, such as the primal-dual character of the method, 
the solution of a sequence of feasible sub-problems, and the relating of the problem 
variables to а single parameter. Another extension permits the introduction of a 
large class of equality constraints in the problem. The convergence proof of the 
method will be outlined, for the problem specifying both equality and inequality 
constraints. ‘The method has been implemented with considerable success. The 
computational algorithm, based on a second-order gradient technique, will be 
described and computational experience indicated. 


8Tc. 3. A Stochastic Personnel-Assignment Model, Ульылм В. Kine, 
Operations Research Group, Case Institute of Technology, Division of Organiza- 
tional Sciences, University Circle, Cleveland 6, Ohio. 

Personnel assignment decisions involve (а) predictions of job success from test 
scores etc., and (b) the determination of optimal assignments on the basis of these 
predictions. If some simple additive performance measure (e.g., “hours to perform 
the task’’) is available, multiple regression techniques may be used to obtain pre- 
dictions and a linear programming assignment algorithm may be used to select 
the optimal assignment. Alternately, researchers have recognized the similarity 
between this programming approach and problems of statistical discrimination. 
Discrimination analysis has been rejected for such problems however, because of 
its restrictive assumption that each individual to be assigned is 2 member of one 
and only one job population. This paper incorporates aspects of statistical dis- 
criminatory analysis and linear programming in a probabilistic personnel assign- 
ment model which assumes that (a) no quantitative performance measure is avail- 
able, and (b) each individual to be assigned may perform any job. 


3Td. 1. Adjustment of Regional Boundaries to Keep the Contained 
Workload Within a Prescribed Tolerance, J. C. СгАРНАМ, Head—Opera- 
tions Research Section, British Columbia Research Council, University of British 
Columbia, Vancouver 8, В.С. 

An area is divided by boundaries into a number of smaller regions for many 
purposes, e.g. for the distribution of milk or furnace-oil or for the collection of 
refuse. Periodically the workload within any set of boundaries will move out of a 
prescribed tolerance. Such movements may be drastic, caused for example by the 
introduction of larger trucks or by alteration of the frequency of service. Al- 
ternatively they may be gradual, caused by changes in the type of service required 
through apartment construction, new housing developments and so on. The prob- 
lems involved in adjusting the boundaries to cause minimum disruption to the 
crews and customers are discussed. 


ЗТа. 2. Vehicular Traffic Control—A Time-Space Design Model, L. A. 
YanpENI, IBM Corporation, General Products Division Development Labora- 
tory, Monterey & Cotile Roads, San José 14, California. 
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This paper describes the basic concepts and mathematical formulations employed 
in а computer program developed by the author. This program provides the Traffic 
Engineer with a tool for either the off-line design of traffic signal progressiors for 
fixed-time control, ог the on-line computation of control variables for real-time 
computer signal control А least-squares fit model is used to derive linear uni- 
speed through bands for given volume requirements and within given limits of 
speeds and cycle times. An algorithm for offset computation with three-phase 
design capability is included in the paper. The formulation is further extended 
to multi-speed progressions. An approach to the network signal control prcblem 
is also outlined. 


ЗТа. 3. Optimal Selection of Commercial Aircraft, Granam D. CLAPP, 
Operations Research Group, Case Institute of Technology, University Circle, 
Cleveland 6, Ohio. 

A method of determining the optimal air fleet composition for commercia. pas- 
senger services is presented, and is applied to fleets of U.S. domestic airlines. The 
method is applicable to forward fleet planning, given forecasts of air traffe de- 
mand. It is concluded that currently fleets are not optimal and that the acquisi- 
tion of supersonic aircraft cannot be justified. The value placed by the cuszomer 
on various combinations of total trip time and distance is inferred from a study of 
existing patronage and tariffs on airline services. The volume of traffic is anzlyzed 
with respect to distances moved. Productivity of a transport aircraft is expressed 
in terms of cruising speed, payload, length of haul, availability, load factor, g-ound 
handling time and air traffic control delays. Sensitivity of the solutions to the 
model is analyzed with respect to the various assumptions and approximations 
used. No attempt is made to set up and solve a model of interairline compezition. 


4Ta. Military Costing Analysis, (Continued). 


4Та. 1. Logistics Cost Effectiveness, В. L. Wss, and L. В. Gurerapt, 
Advanced Logistics, Space and Information Systems Division, North American 
Aviation Inc., 12214 Lakewood Boulevard, Downey, California. 

The purpose of the paper is to show methods of calculating costs and effectiveness 
values and how they may be combined to seek a nearly optimum Logistic system 
set of values. These methods are best utilized in a development period but-could 
be used during program definition. Detailed, yet generalized cost categorizs are 
outlined to show required Logistics functions and how the cradle to grave cost is 
allocated among various classes of items, such as services, equipment, fac.lities, 
etc. New approaches are shown to allow the decision maker to put more of his 
qualitative judgements on а quantitative basis. Parametric equations асе de- 
veloped for the effectiveness of various field service, maintenance/maintainadility, 
publications, supply support and training concepts. А weighting function -s also 
presented along with a method for combining the effectiveness of sub-systems. 


4Та. 2. Assignment of Errors to Aerospace Cost Equations, Peter J. 
Crumpine, Manager Cost Effectiveness Evaluation, Lockheed Missiles & Space 
Co., Sunnyvale, California. 

For the purpose of estimating costs associated with military and space programs, 
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many mathematical models have been developed. These models can be classified 
according to the level of costing achieved. For example, Model 1 may estimate 
the total сові of а, booster while Model 2 may estimate the cost of each stage sepa- 
rately and add the estimates to arrive at the total. The purpose of using a more 
refined, time-consuming model is the expectancy of lower error and increased 
credibility. Even though this additional effort is often spent, the reduction in 
error achieved is seldom measured. There are at least three reasons for this 
situation: a) standard error calculations (correlation measurements) are tedious 
and time-consuming, b) error estimates are generally not required by the cus- 
tomer, с) aerospace cost equations are often based on a very small number of data 
points and large extrapolations are sometimes required, both of which reduce the 
validity of a normal correlation analysis. For instance, a relationship based on 
only two points will have zero correlation error, even though the actual error in- 
volved may be quite high. The first of these causes, time-consuming calculations, 
is quickly overcome with the use of computers, which are now generally available. 
This paper will briefly describe one such program which is applicable to any cost 
equation. The second factor, lack of customer demand, introduces the matter 
of professional responsibility. It can be argued that a cost estimate with no as- 
signment of error is useful only for showing relative costs and is not valid аз an 
absolute estimate. Even so, cost estimates are often used and quoted widely in 
absolute terms. It then becomes the responsibility of the analyst to inform the 
user of the large probable error that is inherent in the estimate, even though it is 
not a contractual requirement. Furthermore, there is the possibility of this be- 
coming a standard customer requirement in the future. The third problem, lack 
of sufficient information on which to base а correlation analysis, 15 the primary 
subject matter of this paper. In addition to the normal error due to scatter, it 
discusses two other sources of error. These are: (a) Insufficient data points; 
(b) Extrapolation beyond the range of data points. АП three sources of error are 
dealt with separately and then integrated to achieve a single standard error factor 
for a general cost equation. This meausre is then used to show the improvement 
in accuracy that is achieved by using a more refined level of costing. Finally, 
а computer program (in FORTRAN and in ALGOL-60) is included for finding 
the overall standard error associated with an aerospace cost estimate. 


4Та. 3. Evaluation of Complete System Costing, THEODORE Волосков, 
Executive Advisor, Douglas Aircraft Co. Inc., Long Beach, California. 

Complete system costing, particularly if time-phased, provides the Military 
Establishment with financial information desirable for budgetary purposes, and 
with the probable economic resource impact. More important, however, complete 
system costing provides the system analyst with basic information for cost-effective- 
ness analyses and sensitivity analyses. However, certain aspects of complete 
system costing are subject to interpretation and consequently may involve errors 
of judgement. Other aspects, particularly in methodology, may result in basic 
errors that are multiplied by use of percentage factors. Accordingly, those basic 
cost elements, methodologies, and estimating procedures which may cause errors 
are discussed in detail, and recommendations are given to maximize the accuracy 
of the costing procedure. 
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4Та. 4. Common Proposal Strategies for Both Military and Commercial 
Opportunities, Jonn Н. Trnury, Advanced Plans, Engineering and Product 
Development, Aircraft Division, Douglas Aircraft Company. 

The proposal is the means of presenting a capability for an anticipated require- 
ment. As the proposal may present the same capability to both the industrial 
and military customer, it would appear that the proposal strategies should have a 
commonality. This paper will validate the strategy commonality and further 
illustrate how decision theory structuring and marginal analysis can provide a 
more meaningful strategy framework than the intuitive process typically applied 
by management. By way of demonstration, a proposal relating to a hypothetical 
industrial/military aircraft program is described; a set of strategies relating to this 
proposal effort are then evaluated to illustrate the commonality and appropriate- 
ness of the proposed methodology. The outcome of this methodology which 
presents the strategies as a multi-competitor game is meant to provide more than 
an intuitive pre-proposal plan; it is a scientific tool to provide additional knowledge 
to the responsible management. Credit: The methodology presented was de- 
veloped at Douglas Aircraft Division under company sponsored Research & De- 
velopment funds supplementing engineering research work accomplished by the 
author at U.C.L.A. 


* 4Tb. Mathematical Biology & Operations Research, (Continued). (For 
abstract see 3Tb.) 


4Tc. 1. Sensitivity Analysis of Multi-terminal Flow Networks, Saran E. 
EunMAGHRABY, Associate Professor, Department of Industrial Administration, 
Yale University, New Haven, Connecticut. 

Given an undirected flow network with finite аге capacities, an algorithm is 
developed for the determination of the effect of a reduction (or increase) in the 
capacity of any arc on the maximum flow between any two nodes of the network. 
The algorithm is based on the Gomory-Hu construction of ‘“cut-trees”’. 


4Tc. 2. On Some Numerical Difficulties Associated with Dynamic Pro- 
gramming, С. S. Tracz, Department of Industrial Engineering, University 
of Toronto, Toronto 5, Ontario. 

It is shown by an example (the bounded brachistochrone problem, for which 
an analytic solution is known) that in the numerical solution of minimum-time 
trajectory problems using dynamic programming, a finer grid can give worse re- 
sults than a coarse grid in the sense of yielding optimal trajectories with greater 
minimum times. 


4Те. 3. Optimum Design of Open Pit Mines, Н. Lercas, Е. I. Grossmann, 
International Business Machines Co., 615 Dorchester Boulevard, Montreal 2, 
PQ. 

An open pit mining operation can be viewed as a process by which the open 
surface of a mine is continuously deformed. The planning of a mining program 
involves the design of the final shape of this open surface. The approach de- 
veloped in this paper is based on the following assumptions: 1. The type of 
material, its mine value and its extraction cost is given for each point; 2. Restric- 
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tions on the geometry of the pit аге specified (surface boundaries and maximum 
allowable wall slopes); 3. The objective is to maximize total profit: total mine 
value of material extracted minus total extraction cost. Two numeric methods 
are proposed: А single dynamic programming algorithm for the two dimensional 
pit (or a single vertical section of a mine) and a more elaborate graph algorithm 
for the general three dimensional pit. 


4Td. 1. A Queueing Approach to Traffic Light Phasing, P. ROBILLARD, 
and PAuL Naor, Department of Statistics, University of North Carolina, Chapel 
Hill, North Carolina. 

In this study traffic light phasing is considered to be associated with the wider 
problem of interrupted service in queueing systems. Such problems have been 
recently discussed in the literature (Gaver (1962), Кетѕом (1962), THIRUVENGA- 
pam (1963), Avi-IrzHax and Naor (1963)). The special feature of the traffic 
light phasing problem is the deterministic pattern of the cycle whereas in previous 
studies on interruptions Poissonian breakdown assumptions were made. Fur- 
thermore, for the purpose of optimally choosing the duration of the various phases, 
an essential link in the analysis in the assumption of a constant clearing time (asso- 
ciated with the yellow light). Some expected delay times are derived and com- 
putational procedures for optimization are given. 


4Td. 2. Synchronizing Traffic Signals for Maximum Bandwidth, Јонх 
D. C. Lrrriz, School of Industrial Management, M.I.T., Cambridge, Massa- 
chusetts, and Jonn T. MonaaN, Department of Statistics, Australian National 
University, Canberra, A.C.T., Australia. 

An algebraic method has been developed for synchronizing traffic signals to maxi- 
mize bandwidth. (By bandwidth is meant that portion of a signal cycle during 
which a car could start at one end of a street and, by travelling at preassigned speeds, 
go to the other end without stopping for a red light.) Two problems are solved: 
(1) Given an arbitrary number of signals along a street, a common signal period, 
the green and red times for each signal, and specified vehicle speeds in each direc- 
tion between adjacent signals, synchronize the signals to produce bandwidths that 
are equal in each direction and are as large as possible. (2) Synchronize to favor 
one direction with larger bandwidth and keep bandwidth in the other direction 
as large as is then possible. The method has been programmed for a digital com- 
puter and has been used to synchronize signals on a street in Cleveland. 


4Td. 3. Some Quantitative Findings of Simulated Congestion, Hans von 
Сове, Trafic Research Corporation Limited, Toronto 4, Ontario. 

It is common knowledge that where traffic facilities are overtaxed congestion 
becomes а key variable about which many travel decisions revolve. 1. Peak-hour 
drivers will alter their choice of travel routes as necessary to minimize travel time 
and to avoid points of congestion. 2. Automobile users will select the transit 
mode if possible when auto travel time and costs become excessive. 3. In time, 
traffic congestion affects the accessibility between urban areas or parts thereof, 
inducing people to travel elsewhere. 4. Ultimately, the nature of traffic conges- 
tion—or lack thereof—affects the nature of land use development. In traffic 
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planning practice the resultant effect of the combination of the various behavioural 
travel choices have been frequently neglected. The paper briefly describes the 
methods used in accounting for these effects and discusses the results of a number of 
studies showing the impact on the total travel patterns resulting from various 
transit systems, expressway systems, rail commuter systems, and bus feeder 
systems. The necessity of developing new criteria for evaluating traffic facility 
systems is discussed. 


4Td. 4. Simulation of a Transportation System Operating, Different 
Fleets of Vehicles, М. Srapz, Senior Engineer, Department 889, Canadair 
Limited, P.O. Box 6087, St. Laurent. 

The simulation considered is that of a transportation system in which the serv- 
ices of different fleets of vehicles (each fleet being homogeneous) are integrated. 
In such a system the fleets generally operate over different routes of the network, 
and loads are transferred from one type of vehicle to another at the intersections. 
The routes followed by each vehicle are fixed and so are the itineraries of the cargoes 
to be transported. Load capacities, operating cost, and travelling times between 
intersections for each type of vehicle are constant. Likewise, the service and load- 
ing times for each type of vehicle at а given intersection are constant, except when 
delays due to congestion occur. The purpose ої the simulation is to find out how 
well the system is integrated, how the services mesh, where congestions occur and 
how effective the particular types of vehicles used are on that part of the system 
where they are deployed. The strategy of simulation is characterized by; 1) cycles 
of discrete model real time intervals, during which cycles the situation at each 
intersection is reviewed to find which vehicles may be dispatched and which vehicles 
may be admitted. 2) a cargo labelling system, the labels indicating the itinerary to 
be followed, and the types of vehicle to be used on each route leg. 3) a vehicle 
labelling system, the labels stating the route schedules, which labels are compared 
with those of the cargoes to determine which cargo should be loaded or offloaded. 
4) asorting system at the intersections to form queues of vehicles and accumulations 
of cargo. The efficiency of the system is measured by the cost and the elapsed 
time for processing the cargoes from origin to destination, and the utilization and 
load-factors of the vehicles. 


1Fa. 1. An Application of Operations Research to Municipal Planning: 
Some Fiscal Aspects of Land Use Planning, Masog М. J. AaNEw, На. 
USAF, Washington, D. C., and Carrain M. Н. ArnExANDER, На. AFSC, 
Andrews AFB, Md. 

This paper is a report of a graduate research project at Case Institute ої Tech- 
nology, Cleveland, Ohio, during the spring of 1963. The project was directed at 
making an application of Operations Research to municipal planning. Mayfield 
Heights, Ohio, а city with 15,000 population in the Cleveland Metropolitan area 
was used as the specific area of investigation. The problem as finally defined was 
to determine the impact of various land use patterns on the capital and operating 
budgets. The conceptual model and methodology used in solving the model are 
discussed initially. The detailed research and analysis of all city operating de- 
partments and income producing processes needed to develop a total system con- 
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cept in the simulation are reviewed. Decision Flow Diagrams developed for this 
study served as the basis for integrating the actual operating procedures into a 
computerized simulation model, and data from the previous five year period was 
used to test model adequacy. Subsequently, three land use patterns reflecting 
possible city growth were developed with the city planners and these served as the 
input for analysis of growth in a future 20 year period. The paper reports briefly 
on the results of the research and discusses the validity of extending this type of 
analyses in the general planning process. 


* ]Fa. 2. Operational Research in the Scheduling of Fertilizer Production 
at Cominco, J. Е Вовевт8, Research and Development Division, The Con- 
solidated Mining and Smelting Company of Canada Limited. Trail, B. C. 

Although feasibility studies of the scheduling of fertilizer production using linear 
programming methods began at Cominco in 1957, it was not until a suitable com- 
puter became available in 1961 that the work accelerated and has since been brought 
to the pay-off point. The paper outlines the scheduling problem and describes 
the methods used to solve the resulting large scale system of linear constraints with 

а computer of limited memory capacity. Some of the problems of implementing 

the results of the work are discussed and examples of applications and pay-offs are 

given. 


1Fa. 3. Optimum Safety Stock in a Coal Ordering Problem, D. К. A. 
Стылев, J. G. C. Tempieron, and W. H. Winter, Operations Research Group, 
The Hydro-Electric Power Commission of Ontario, 200 Kipling Avenue South, 
Toronto, Ontario. 

Ontario Hydro generates electric power at three coal burning thermal generating 
stations, one small nuclear station, and many large and small hydraulic stations. 
The coal burnt at the three coal-burning stations is delivered by ship during the 
lake shipping season. The coal requirement is uncertain because of uncertainties 
in (1) the total energy requirement of the system; (2) the amount of water avail- 
able to the hydraulic stations; (3) the number of generating units which may be 
out of service; and a number of other minor variables. We have an inventory 
problem with uncertain demand, long lead time and high stock-out costs. The 
coal-ordering problem is set up as а two stage decision problem to minimize the 
expected total cost of coal, carrying charges, interconnection energy and possible 
shortages. Numerical solutions have been obtained. 


* IFb. 1. Requirements of Users of Scientific and Technical Information, 
Снавілв М. Srearns, Office of Technical Services, Department of Commerce, 
Washington, D. C. 

Efforts to date to define user needs, so as to have criteria by which to judge the 
performance of various information-handling systems, have produced little useful 
understanding. These efforts have, however, elucidated some reasons for their 
failure; as usual, hindsight makes some of these look obvious: (1) Different users 
have an enormous variety of needs. (2) Single users have an enormous variety 
of needs at different times. (3) Personal estimates of need appear (as usual) 
insusceptible to objective analysis. For these reasons, (4) Neither "need" nor 
“information” have ever been quantified. Current inability to measure need is 
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made serious by the fact that even crude market-place evaluation of information 
services, the only evaluation which can be taken seriously to date, is going by the 
board with increasing levels of government subsidy of information processes. 
What is needed, it seems, before operations research or any other technique becomes 
useful in this situation, is some way of identifying at least classes, if not spectra, 
of both need and information; these must have sufficient universality to permit 
quantitative evaluation of the capability of competing systems to match the two. 
Examples will be given of approaches to the classification/Quantification problem 
here posed, and a few caveats (among them the requirement to recognize that ^ 
the most intense needs for information are probably so intense precisely because 
of the improbability that any economically justifiable system can satisfy them) 
will be offered. 


* ТЕ}. 2. Information Retrieval Problems in the U. S. Patent Office, Mn. 
Ezra Guaser, Assistant Commissioner, U. S. Patent Office, Washington 25, 
D. C. 

Following a brief statement of the nature of patent search, an account will be 
given of some technical aspects of the research program in the U. S. Patent Office. 
The present system of measuring the “quality” of patent adjudication will be de- 
scribed, with particular attention to the ability of the system to measure the effects 
of introducing advanced search facilities or conventional reclassification of the 
patentable arts. Some formal models will be sketched which are designed to facilitate 
analysis of the patent adjudication process and to study the search of literature. 
Finally, references will be made in the use of recursive models for characterizing 
and evaluating large scale search and retrieval systems. 


1Fc. 1. Queueing in Series-Parallel Networks, Henry D. Friepman, Applied 
Research Laboratory, Sylvania Electronic Systems, 40 Sylvan Road, Waltham 54, 
Massachusetts. 

A tandem stage system has m stages Ai, Аз," "Ап in series, where stage А; 
consists of m, servers or channels in parallel, each using constant service time в,. 
Customers arrive at the first stage and proceed through one channel of each stage 
on a first-come, first-served, unlimited queueing basis. For any sequence of cus- 
tomer arrival times, the time spent in the system by each customer is independent 
of the order of the stages. This permits rearrangement of the system to satisfy 
other conditions without changing the delay statistics. It also follows thai cer- 
tain steady-state and time-dependent problems in a tandem stage system involving 
waiting time, mean queue length, and busy period can for any interarrival disiribu- 
tion be reduced to corresponding problems for a system of fewer stages, possibly a 
single stage. When all m,=1, and one of the servers uses variable service times 
which always exceed the constant service times of the other n —1 servers, then the 
result still holds, and problems for the tandem server system can always be reduced 
to single server problems. 


1Ес.2. Multi-Channel Queueing with Periodie Service Interruptions, 
Joas J. CongMAN, and T. P. Grammo, Space Technology Laboratories, Thomp- 
son Ramo Wooldridge, One Space Park, Redondo Beach, California. 

This paper investigates the problem of servicing a finite population by means of a 
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multiple-channel service unit that is only periodically available. Equations are 
derived that govern the behavior of the system. Extensive analysis is done for 
the cases in which the number of channels is relatively small and again for the 
cases in which the number of channels is relatively large. On the basis of this 
analysis, approximations are developed to cover the entire range of service chan- 
nels. A computer method of solving the exact equations is also given and com- 
parisons are made with the various approximations by means of a few examples. 
The analysis of periodically interrupted service has many practical applications, 
both military and non-military. Although this investigation was developed for 
evaluating the effect of periodically interrupted service on missile readiness, it has 
obvious applicability to such problems as machine repair, communication, trans- 
portation, health systems, etc., where multichanneled service might be periodically 
scheduled while demands for service remain randomly distributed in time. Appli- 
cation of the same approach can be made to the inverse problem of periodically 
interrupted demand distributions for constant and/or varying numbers of service 
facilities. 


lFe.3. Tandem Queues with Dynamic Priorities, ANDREW GRINDLAY, 
Assistant Professor, University of Western Ontario, School of Business Adminis- 
tration, London, Ontario. 

The purpose of this study was to investigate the behavior of tandem queueing 
systems with due-date-like priorities. It fits into a group of studies which are 
aimed at exploring various job-shop sequencing rules, of deterministic and stochas- 
tic systems. The systems studied in this investigation consist of a series of work 
centers arranged in tandem such that when a job arrives at the system it imme- 
diately begins receiving service at the first center if that center is unoccupied; other- 
wise the job joins a queue comprised of other jobs also awaiting service. After 
receiving service at the first work center, the job proceeds to the second where, if 
the center is unoccupied, the job begins receiving service immediately; otherwise 
it joins the second queue. The same procedure is followed at all centers in the 
system. A job arriving at the system has associated with it a due time which is 
the time by which it must complete service in the system to avoid being considered 
tardy. The difference between the job’s due time and its time of arrival is its 
urgency number, these numbers being used to separate the jobs into classes. For 
each job, the flow time is the time to elapse from the job’s arrival at the system until 
its completion. Hence, associated with each urgency number is a flow time fre- 
quency distribution. The main distinguishing feature of the systems studied is the 
manner in which the jobs waiting for service are ordered in the queues. When 
any center completes service on а job, the job to receive service next is the one in 
the queue at that center that has the earliest due time. Thus the term “dynamic 
priorities", because the longer a job waits in a queue for service, the less the like- 
lihood that a later arrival will precede it. Two hypotheses were tested, both per- 
taining to a tandem system in which queue discipline is governed by dynamic 
priorities, arrivals form а Poisson process, and service times are exponentially dis- 
tributed. The first hypothesis states that the dynamic priority flow time distribu- 
tions for the various urgency numbers are separated from each other at their upper 
tails by horizontal distances equal to the differences between their respective ur- 
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gency numbers. The second hypothesis states that these dynamic priority flow 
time distributions are separated at their upper tails from the flow time distribution 
for a similar system using first-come, first-served queue discipline, by horizontal 
distances equal to the differences between the mean of the urgency number dis- 
tribution and the respective urgency numbers. To test the hypotheses, systems 
of the type described above were simulated using the I.B.M. 7090 computer st the 
Western Data Processing Center. The results provided strong support for both 
hypotheses. Additional runs of the simulator were conducted to determine # the 
hypotheses could be broadened to include other systems. The hypotheses were 
supported for tandem systems with Poisson arrivals and constant service times 
and, with small modifications, for systems with constant arrivals and exponential 
service times. Of interest also was the rate at which the dynamic priority flow 
time distribution curves converged to their asymptotes. An empirical formula 
was found that permits estimates pertaining to this rate to be made. 


1Fd. 1. Adaptation of an Existing Naval Proximity Fuze to Supersonic 
Targets, В. D. Wirwor, 1386 Gibson Avenue, Ottawa Ontaria. 
Test Firings of proximity fuzed rounds against a stationary target were ex- 
amined with a view to extending its effectiveness against supersonic threats. 


1Fd. 2. Some Comments on the Lanchester Theory of Combat, Е. M. 
Durstiny, The Mitre Corporation, Bedford, Massachusetts. 

The purpose of this paper is to discuss some implications of two well known 
results in the Lanchester theory of combat. In the first of these, a deterministic 
model of battle with the possibility of reinforcements being introduced at а con- 
stant rate is considered. The formal solution to this problem is easily obteined. 
Slight rearrangements of the equations involved allow a direct comparison of this 
case with the simpler case where no reinforcements are considered. It is thus seen 
that the ability to reinforce is directly analogous to a reduction in the initial force 
strength of the enemy. In the second case, a probabilistic model of combat is 
considered and manipulated to give first order differential equations in tbe ex- 
pected size of each force remaining at any time. This result was obtained by 
ISBELL and Мавіом (Naval Research Logistics Quarterly, 1956). These aqua- 
tions, though solvable in theory, are not practical to solve for any but very small 
forces. They are of considerable interest, however, in their similarity to the classi- 
cal deterministic Lanchester equations, differing only by an additive term. Com- 
parison of the solutions to these equations for small force size with the results of the 
deterministic Lanchester equations serves to indicate the accuracy lost in using a 
deterministic rather than a stochastic model. 


ТЕЧ. 3. The Distribution of Rounds Fired in Stochastic Duels, CLINTON 
J. ANCKER, JR., and А. У. GaraRIAN, Systems Development Corporation, 2600 
Colorado Avenue, Santa Monica, California. 

This paper continues the development of the theory of Stochastic Duels zo in- 
clude the distribution of the number of rounds to a kill. This distribution is prin- 
cipally of interest in estimating stock levels and resupply requirements in аррго- 
priate combat situations. Most generally, the duel between two contestants who 
fire at each other with known, fixed kill probabilities is considered. The time be- 
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tween rounds fired may be either a continuous random variable or it may be fixed. 
These two cases are treated separately. The number of rounds available to each 
contestant at the beginning of the duel may be limited and is a discrete random 
variable. Besides the distribution, the first two moments and the right tail are - 
obtained. In addition to general results, special cases and specific examples are 
worked out. 


1Fd. 3. Some Discrete Processes in the Theory of Stochastic Duels, С. J. 
ANCKER, JR. System Development Corporation, 2500 Colorado Avenue, Santa 
Monica, California, and Trevor Wituams, The Johns Hopkins University, 
Baltimore, Maryland. 

The duel in which the contestant on each side has a fixed kill probability and а 
random (continuous) time between firings has been previously considered. By 
limiting the time between rounds to a constant, certain situations in which strong 
interactions occur have been investigated. The models investigated here are (1) 
the fundamental (one versus one) duel in which firing times are fixed and their 
ratio is a rational number; (2) the duel with displacements in which two contestants 
fire simultaneously at fixed intervals and a near miss causes a contestant to dis- 
place (and lose a firing turn); (3) multiple duels in which two versus one or two 
versus two fire simultaneously at fixed intervals and (4) the cluster duel in which 
there are several contestants on each side and firing is simultaneous. In the first 
three the probability of a given side winning is obtained. In the last, the prob- 
ability of m contestants on the other side at a single firing is derived. ; 


1Fd. 4. Operations Research Techniques in Radiological Civil Defense, 


F. Lemus and J. T. Ryan, Operations Analyst, Research Triangle Institute, . 


P.O. Box 490, Durham, North Carolina. 

This paper deals with the application of a variety of techniques of Operations 
Research to the analysis of radiological civil defense systems. The paper intro- 
duces the layman to some terminology on the effect of nuclear weapons. It de- 
scribes the various factors affecting radioactive fallout, and explains how these 
factors can be used to formulate mathematical models to yield measures of effective- 
ness. A discussion of appropriate measures of effectiveness (total dose, in rems; 
equivalent residual dose, in rems; and number of fatalities) is followed by a sum- 


mary of the analysis of results from one concrete example, where statistical tech- ^ : 


niques of analysis of variance and multiple regression are used to uncover the be- 
havior and effect of shelter system factors. The example shows the relationship 
between these two techniques and explains how, in the absence of randomness; 
the validity of the conclusions rests exclusively with the assumptions in the model. 
The use of other methods of Operations Research in civil defense are discussed in 
detail: the application of linear programming to deduce the number of casualties, 
one of the best measures of effectiveness; the use of minimization techniques to, 
derive optimum strategies for decontamination and evaluation operations; and 
the application of allocation theory to various civil defense problems. 


2Fa. 1. Maintenance Planning for the Minuteman Weapon System, R. 
В. CALDWELL and В. A. Cawsy, The Boeing Company, Seattle, Washington. 
The Minuteman Weapon System consists of Wings of 165 remotely located sites | 
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containing complex electric-electronic and mechanical equipments which are main- 
tained from a central support base by the dispatch of repair teams. Of the 165 
sites, 150 are unmanned. "То provide maintenance, failures must be detected and 
reported to the manned control centers; preliminary fault identification made; 
teams made up of personnel, test sets, and spares dispatched; faults isolated on 
site; and failed components removed and replaced. To ensure development cf an 
effective maintenance program, planning was conducted during the system design 
phase using predicted equipment failure rates and detailed analysis of all mante- 
nance operations. The objective was to obtain a balance between the cost ot the 
maintenance activity and the equivalent cost of missile downtime. General 
concepts such as lengths of work day, dispatch rules, and transient effects of westher 
and week ends were investigated with a digital computer simulation. Fault de- 
tection, accomplished by a combination of remote continuous monitoring, remctely 
commanded tests, and on-site tests, was designed to minimize undetected site 
downtime and detection system cost. Failure mode analysis provided the basis 
on which to optimize test frequencies and provide appropriate repair team. re- 
sponses. (Because of ambiguity in remote fault identification, it is frequently 
necessary to dispatch a repair team made up to repair the most probable falure 
and follow it with a second trip if necessary). Quantities of support elements were 
provisioned on a cost-effective basis by minimizing the costs of support elements 
and site downtime through use of a queueing model based upon random demand 
by the failing sites and constant holding times. 


* 2Fa. 2. Scheduling of Preventive Maintenance on the Mid-Carada Line, 
T. А. Ewasnxo and В. L. Влатом, 

The advent of high-speed, immediate access computers has found wide appli- 
cation in the techniques of Operational Research. This presentation describes a 
computer technique used to optimize the helicopter operation on a section ої the 
Mid-Canada Line in terms of the flying hours of the helicopter. The helicopter is 
responsible for positioning maintenance crews at isolated sites of the secticn in 
order to execute а specified maintenance program. Many of the helicopter jobs 
involve the same crew, and cannot begin until the crew has completed its assizned 
tasks. However, we are at liberty to choose the jobs in any order we wish. Тесһ- 
niques such as linear programming are not applicable, since the costs of the jobs 
are not fixed, but rather are a function of job order. It can be shown by info-ma- 
tion theory that a programming technique called “Backtrack” is the most effizient 
approach to this type of problem. With this technique a systematic search is 
made through the set of job permutations to determine the schedule which best 
satisfies the given function. By a judicious choice of constraints, this techrique 
will converge rapidly towards the optimum schedule. The feasibility of using 
“backtrack” to select a schedule for the helicopter, and the problems encountered 
in its approach will be discussed in the presentation. 


* 2Fa. 3. An Operational Research Study of the Determination and Pre- 
diction of Satellite Orbits, E. C. Kzzavas, of Н. S. Gellman & Co. Lid., 
Toronto, Ontario and J. L. Hupson, Directorate of Sysiems Evaluation, R.C.A.F., 
Ottawa, Ontario. 

In modern space operations it is becoming increasingly important to be akie to 
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determine accurately the orbits of satellites and predict where any given satellite 
will be at any given time in the future. The degree of accuracy required becomes 
higher as the space operations become more complicated. Anyone who has fol- 
lowed the “таап in space” programmes will know that an essential part of each 
operation in these programmes was the detection and tracking of the space vehicle 
by а network of ground based sensors. For every space vehicle placed in orbit the 
series of measurements provided by the sensor network is used to derive estimates 
of orbital elements or position and velocity vectors at a specified time. It is ob- 
vious that the accuracy with which an orbit can be determined will be a function 
of the factors associated with the sensor network. These factors include the type 
of measurements made by each sensor, accuracy of measurement, frequency of 
measurement, distribution of sensor positions and many others. To establish the 
relationships between these factors and the accuracies of orbital parameters is a 
typical military operations research problem. The present paper gives an account 
of a method currently being used to relate the accuracy of orbital determination 
to the requirements of a sensor network, describing also some typical results and 
deductions which have been obtained. 


* 2ЕЪ. 1. Techniques for Associative Information Retrieval, Vicent Е. 
GIULIANO, Operations Research Section, Arthur D. Little Inc., 35 Acorn Park, 
Cambridge 40, Massachusetts. 

At present, the operation of large-scale mechanized document retrieval systems 
requires experts who are thoroughly familiar with the contents of the collection 
at hand, and who intermediate between users of the system and the mechanized 
searching apparatus. There is considerable evidence that many of the limitations 
of performance, size, and cost of existing systems are due to the difficulty of con- 
ducting this function for large document collections. This paper is concerned 
with the application of statistical association techniques to the design of document 
searching systems. The techniques are based on the use of certain readily com- 
puted measures determined by the patterns of usage of index terms within a given 
document collection. Computed association measures are influenced by frequency 
of usage of index terms in a given document collection, and by the patterns in 
which index terms are used together and therefore correlated. Through use of 
association measures, retrieval systems can be designed which automatically re- 
formulate a search request in several alternative modes which are influenced by 
frequency of usage of index terms in a given document collection, and by the pat- 
terns in which index terms are used together and therefore correlated. Through 
use of association measures, retrieval systems can be designed which automatically 
reformulate а search request in several alternative modes which are synonymous 
with respect to the given data collection. The system can find documents satisfy- 
ing the topic of inquiry, even if they are indexed and requested with different terms. 
A second benefit is that the output of an associative system is not a given set of 
documents, but а ranking of all documents in the collection in order of a decreasing 
measure of computed relevance. Some of the techniques developed in the course 
of the writer’s research will be discussed in detail, and examples will be given of 
machine-generated association lists. 
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* 2Fb. 2. Man-Machine Interaction in Information Retrieval, CHARLES 
W. Apams, President, Charles W. Adams Associates Inc., Bedford, Massachu- 
selis. 

In many situations, successful retrieval of desired information involves selection 
processes based on “judgments”. These situations arise when the information 
sought- cannot be described in advance by manageable numbers of sufficiently 
exact criteria. Indeed, the user often hardly knows what he does want until he 
examines some of the alternatives available. The usual approach to the problem 
is to give the user а broad range of choice, from which he is to make the final selec- 
tion by himself in a direct fashion. Another promising technique is to include the 
user іп а continuing selection process—allowing him to sharpen, loosen, or shift 
his criteria as he sees the results he is achieving. Time-sharing techniques and 
display devices are rapidly evolving; these make man-machine interaction in- 
creasingly attractive in terms of cost, ease of development and ease of use. The 
paper will describe recent experience in both planning for and use of many of these 
devices and techniques. 


2Fc. 1. A Queueing System with Alternating Priority, В. AvirrzHax, 
Technion, Israel Institute of Technology, Israel, W. Г. MAXWELL, and L. W. 
Muse, Cornell University, Ithaca, №. У. 

For a service facility serving more than one class of customers а, problem arises 
as to the order in which customers should be served, (ie. the priority rule). A 
typical example is a manufacturing facility which produces two products to meet a 
random stream of incoming orders. In this paper the alternating priority rule 
(also known as the “zero switch rule”) is introduced and investigated. Two 
classes of customers are served by a single service facility. Customers of class 
i(i =1, 2) have priority over customers of class j(j =1, 2; 1721) whenever a class $ 
customer is in service. When the service facility is idle, the first arriving customer 
enters service and acquires the priority right to customers of his class. Wishin 
classes the “first come first served” rule is observed. Customers arrivals are as- 
sumed to be Poisson and service times are assumed to be arbitrarily distributed 
independent random variables. The steady state queueing times densities are 
formulated by the use of а special mathematical procedure and the expected queue- 
ing times and queues’ sizes as well as the first two moments of the busy periods are 
obtained in terms of the basic parameters of the arrivals and service times dis- 
tributions. АЙ the results are related to the case where there are no setup times 
in switching from one type of customers to another. The alternating priority 
rule is compared to the “head of the line” and the FIFO rules with respect to ex- 
pected queueing times and queue sizes. The last part of the paper discusses the 
possibilities of extending the suggested rule to the cases where there are more than 
two classes of customers involved and switches of service are penalized by setup 
times and costs. 


2Fc. 2. On Jockeying in Queues, Ernest Ковмезвева, C-E-I-R, Inc. 345 
Howard Street, P.O. Box 3248, San Francisco. 
There are numerous queueing situations in which those awaiting service may be 
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allowed to make choice which affect the time spent in the service system. In 
such cases, it should be possible to formulate a "strategy" for customers to follow 
in order to optimize a given parameter. A whole class of queue problems which 
involve “jockeying” can be regarded in this way, but has so far received little 
attention. Jockeying can be described as the movement of a waiting customer 
from one queue to another (of shorter length or which appears to be moving faster, 
etc.) in anticipation of a shorter delay. We have so far considered just a few of the 
various possible jockeying disciplines in two server systems with heterogeneous 
“exponential” servers and Poisson inputs. As a basis for comparison, we first 
treat the heterogeneous server problems where arriving customers join the shorter 
of two independent waiting lines and are not permitted to jockey. The same prob- 
lem is then considered, allowing instantaneous jockeying from the longer to the 
shorter line when the difference in line lengths exceeds one. The results, in terms 
of expected line lengths and delays, are identical to those obtained by GuwsEL 
for heterogeneous servers fed from a single queue. When the same problem, with 
customer preferences for a specific line, is considered the results are identical to 
those of Krissnamoortsi. It is important to note that in these two problems the 
slower server has a larger throughput than might be expected from the classical 
theory. In other words, the slower server acts as a trapping state. In the last 
problem treated here, customers join a preferred line and may jockey at a rate 
proportional to the line lengths. The results show that the over-all service is better 
than the alternative (two independent single server queues). 


2Ес. 3. Markov Chain Analysis of a Sorting Machine: Formulae and Шив- 
trative Applications, JosL Levy, National Bureau of Standards, Room 140, 
North Building, Washington 25, Р. С. 

A possible automatic sorting machine which can be used simultaneously by 
several clerks is studied. Information on the behaviour of the machine is given 
as a function of parameters describing the inflow of material to be sorted and de- 
scribing the machine. An illustration is given of how decisions based on the in- 
formation obtained can improve machine performance. 


2Fd. 1. Fatefulness: A Measure Deserving Recognition, Jonn Corus, 
4706 North 86th Street, Arlington 7, Virginia. 

The inevitability of change beyond present concepts and the arbitrariness of 
cut-off dates for design based on forecast trends weaken the credibility of many 
types of planning objectives. In particular a well-defined objective promotes econ- 
omy by channelling effort but at the expense of greater costs to shift to new 
objectives when the original conception is overtaken by events. Military procure- 
ment, conservation, and urban zoning and public works are seen to illustrate cer- 
tain similar types of conflict between the immediate and the long term perspective. 
Investigation can suggest measures of effectiveness and policy formulations 
to better protect the long range policies from too wishful or narrow a concen- 
tration on the business at hand. A property of decision commitments which sig- 
nificantly influences potential conflict of purpose with long range objectives is 
fatefulness. This is defined as the range between maximum net loss or net gain, 
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measured either relative to other commitments or absolutely, in terms of an overall 
net worth. While extremely difficult to measure objectively, even a rather rough 
judgment of fatefulness can be useful: to qualify measures of effectiveness of single 
fateful choices being compared with more cautious stepwise, or mixed, solutions 
and аз а heuristie for suggesting expedients to diminish fatefulness, апа thus to 
relieve parochial enterprise from the burden of having to choose between being 
indecisive or overbearing. One such expedient would be the discrimination in 
information handling between consensus “clones” of re-stated “common knowl 
edge" and independent observations of fact. 


2Fd. 2. Forecasting: A Pitfall in Military and Civilian Long Range Plan- 
ning, Hanorp A. Linstonn, Senior Scientific Advisor, Corporate Development 
Planning, Lockheed Aircraft Corporation, Burbank, California. 

Forecasting, a highly useful tool in short range planning, loses much of its value 
in long range planning as the analysis must focus on the uncertainties. The re- 
quirement for decision making under uncertainty poses problems to the defense 
planner analogous to those experienced by the businessman. This paper dis- 
cusses the introduction of subjective probabilities—the likelihood of recession in 
the calculations of the businessman and of a technological breakthrough or a зре- 
cific type of limited conflict in the planning of future defense force structures. 
Analogous aids in assessing alternative courses of action are considered for im- 
proved long range planning. 


2Fd. 3. Concepts for Mission and System Planning, Norman Hircuman, 
Technical Military Planning Operation, General Electric Company, 785 Siate 
Street, Sania Barbara, California. 

During the seven year span of its history, GE/TEMPO has been increasingly 
concerned with the need to: (1) identify the fundamental processes of planning, 
and (2) develop practical tools to implement these processes. One of the key 
components of the planning process is environmental research, which may be de- 
fined as the study of basic forces whose interaction forms the context of world affairs. 
For purposes of long range national planning, aspects of political, military, eco- 
nomic, social, geographic and physical forces are involved. By structuring and 
documenting the environment, high confidence missions or objectives can be deter- 
mined. A test for the feasibility of various hardware devices for the fulfillment of 
` these missions then can be performed. From among the feasible hardware solu- 
tions a test for practicality (such as cost-effectiveness), indicates the preferred 
solution. This paper will present a planning structure and models which will 
show: A common planning structure which is useful for solving problems at all 
levels, and a method for testing the feasibility of various hardware devices for 
satisfying missions. 


3Fa. 1. Strategies of Speculation in the Stock Market, J. T. Ross JACKSON, 
Operations Research Group, Case Institute of Technology, Department of Manage- 
ment, University Circle, Cleveland 6, Ohio.- 

A fairly simple random walk model of stock price movement is used to derive 
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optimal decision rules for investment of funds in the Stock Market. The possible 
strategies which are considered for each stock include: (a) Purchase and retention, 
(b) short sale, (с) purchase of options (put, call, straddle), (d) sale of options, (1) 
if stock is owned, (ii) if stock is not owned, (e) no position. The problem is seen 
аз опе of continual shifting of funds to those investments which have the greatest 
expected return. The effectiveness of the decision rules is compared to that of 
alternate policies for a random selection of stocks during the period 1960-1963. 
The decision rules lead to a significantly greater return and provide some rather 
interesting and surprising insights into the nature of stock investments. 


3Fa. 2. Stock Exchange Volume as a Stochastic Process, HAROLD GREEN- 
BERG and IRWIN GREENBERG, College of Engineering, New York University, 
Department of Industrial Engineering and Operations Research, New York Uni- 
versity, New York 58, М. У. 

The daily volume of stock transactions on the New York Stock Exchange is 
studied as a stochastic process. The day-to-day totals are shown to follow an 
autoregressive scheme. The order of the scheme is found; this determines the 
persistency of dependence between a day’s volume and those of the previous 
days’. The equation describing the scheme is then presented together with the 
variance of the error term. 


3Fa. 3. Implementation of Operational Research—A Problem in Sociol- 
ogy, Joun W. Аввдмз, Department of Industrial Engineering, University of 
Toronto, Toronto 5, Ontario. 

The problem of securing successful implementation of operational research is 
shown to be that of introducing change into a social system. It is shown how this 
problem can be generalized into a mathematical model, whose parameters are those 
of the system under study. It is seen that results of implementation involve both 
the structure of the system and the output. Many operation research studies, 
however, either neglect the former or consider it in terms of the social system of the 
scientist rather than of the system under study. It is shown that successful im- 
plementation in these circumstances is merely fortuitous. More frequently the 
result is either partial acceptance—which may lead to the adoption of procedures 
which are markedly sub-optimal—or to rejection. Such lack of acceptance is 
well-known and attributed to lack of appreciation and lack of communication. 
It is demonstrated that these two factors are merely manifestations of social inter- 
action and thereby governed by the rate by which a social system can be changed, 
which rate is far slower than that of technology. It is held that sociological factors 
must be included in operational research models and that the resultant complication 
will be more than compensated by more extensive acceptance with a consequent 
increase in amount of implementation. [Illustrations are given. 


ЗЕЬ. 1. New Dimensions in Information Retrieval Systems, HENRI Г. 
BEENHAKKER, Stanford Research Institute, Menlo Park, California. 

Information retrieval systems form a part of data processing systems. The 

best strategy for the design of an information retrieval system is obtained by con- 
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sidering all the component activities of a business concern. In other words, the 
design of an information retrieval system should be incorporated in the desigr. of 
the data processing system of the entire firm. Data processing is described as the 
mathematical techniques by which operational data are handled and the develop- 
ment of the procedures for the realization of the functional objectives of a fizm. 
The most important potentialities of computers and their peripheral hardware 
introduced in a data processing system are discussed. Both centralized and de- 
centralized management systems are possible with a computer. The motivations 
for data processing in industry are described. Long-range benefits of a data proc- 
essing system are compared with short-range benefits. A quantitative approach 
to the planning task of a firm is recommended. The reasons for the application 
of quantitative models are discussed. It is suggested to introduce а management 
information system which can be looked upon as a formal structure through which 
decisions are translated into action and which provides feedback to the decision 
maker. Problems in introducing data processing systems are discussed. The 
end of the paper suggests an outline for the actual programming of a firm. 


3Fb. 2. A Computer-Generated Thesaurus, Р. В. HENDERSON, JR., Ad- 
vanced Data Systems, Westinghouse Electric Corp., 15 West 8 Gateway Center, 
Box 2278, Pittsburgh 30, Pennsylvania. 

In many information retrieval applications, the first objective is to retrieve re“er- 
ences to items which are responsive to the search specifications. After review of 
the reference list and abstracts, the documents themselves are retrieved. һе 
basis for classification of items for reference retrieval is typically a dictionary or 
thesaurus of descriptive words and phrases. This paper concerns а computer- 
generated thesaurus developed by Westinghouse Electric Corporation for a cor- 
porate-wide technical reference retrieval program. The Westinghouse Refereace 
Retrieval System is completed and operative оп the IBM 7094. Effective end 
economical retrieval of references from large files (>100,000 items) requires taat 
substantially improved techniques be provided in six areas: 1) Classification speci- 
fications must be compatible with a significant portion of present classification deta. 
2) Differences in language and changes in vocabularies must be routinely acecm- 
modated. 3) Extra descriptive terms—such as generic and hierarchical associa- 
tions—must be uniformly and consistently imputed when they are implied. 4) 
Data representation for both storage and search must be efficient and must acecm- 
modate a high degree of complexity and detail. 5) The questioners must be рто- 
vided а direct and understandable means of communicating their queries. 6, A 
choice of output data must be provided. For economic reasons, it was essenzial 
that the cost of classifying, storing and retrieving the data not be increased by zhe 
introduction of these improvements. A general system, suitable for adaptation to 
other classes of items, was needed to minimize system design and programming 
costs. ‘The first three goals were attained by modifying the classification process 
and by introducing the use of the computer for the generation and maintenance of 
the dictionary. It is no longer necessary to impose code book or thesaurus control 
on the contributor. Within each of several agreed descriptive topics of discourse 
the classifier is free to use any desired term, code or phrase in English or any otaer 
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language which can be represented in the standard character set. The dictionary 
control process includes the recognition of synonyms and the imputation of any 
desired generic and hierarchical terms. At present, an average of about twenty 
terms per item are obtained from the classifier and an additional twenty from the 
imputation process. The use of the computer permits the routine recognition of 
more than 150,000 raw input terms and provides for their transformation into a 
controlled vocabulary of about 20,000 terms. The ease of accommodating existing 
glossaries and thesauri, of introducing new terms as they appear in technical use 
and of systematically imputing implied terms and the ability to absorb existing 
classification data with minimal reprocessing indicate that this approach is both 
technically and economically superior to the conventional thesaurus control con- 
cept. 


3Fb. 3. Dial-A-Document Central Libraries, WILLIAM L. ALDEN, President, 
Automation Management Inc., Westboro, Massachusetts. 

L. B. Herer has developed data and formulae indicating the savings of re- 
trieving and copying a document to give to a user of a library upon request. The 
cost of circulating а several-page article is greater than copying it-and not having 
the copy returned to the library. This paper suggests the further economies, in 
money and time, of users at remote points receiving their copy by means of facsim- 
ile (combined electronic transmission and duplication). The far-reaching implica- 
tions of one or more central technical libraries or “publishers” covering all or sec- 
tions of the North American continent are suggested. The reported facts and logic 
can be used in determining the desirability and design of a centralized information 
retrieval system for an organization. 


ЗЕс. 1. The Integration of Human and Machine Performance, ERIK A. 
В. HALDANE, 8827 “N” Street, N.W., Washington, D. С. 20007. 

Research on Army problems may be assigned priorities and effectively organized 
around the concept of man-machine systems. Such systems, or complexes, may be 
identified, designed and studied with respect to their properties, functions, and per- 
formance in specific environments. They have observable and measurable capabil- 
ities and vulnerabilities, are susceptible of progressive improvement and degrada- 
tion, and interact with competing enemy systems as well as the environment. The 
machine components of these complexes may be advantageously viewed as ‘‘pros- 
thetic” devices enhancing the sensory, motor, or cortical capacities of the associated 
humans. Multidisciplinary analysis of the theoretical and operational characteris- 
tics of selected man-machine systems would, in the authors’ judgment, provide for 
the orderly accumulation of knowledge to assist in the use of resources and the or- 
ganization of forces for the accomplishment of future military—or other definable— 
objectives. An example of this type of analysis will be provided. 


3Fc. 2. Control Theory in Nonstationary Ecosystems, MARK ALFANDARY- 

ALEXANDER, University of Pittsburgh, Visiting Professor, Research Analysis 
Corp., 6985 Arlington Read, Bethesda 14, Maryland. 

. 7 The principles of feedback control are of significance in biology and are becoming 
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increasingly important in engineering, management, economic, and statistical 
processes. À common feature in these systems is the necessity of control action 
under various eonditions of uncertainty regarding the system, its environmeat, 
and the relevant interactions. Control decisions are to be made in situations where 
the process transitions are only partially known, in cases where measurements of 
the current states of the ecosystems are imperfect, and, in some instances, where the 
criteria of merit are not even characterized. Developments in control theory sre 
presented as means of transforming these problems into more tractable forms. 


3Fc. 3. Towards a General Theory of Systems—Models of Subsystems’ 
Frank Benson and Менмет GunEL, Case Institute of Technology, Clevelaed 
Ohio. 

Many attempts have been made and will continue to be made to build а gene-al 
theory of systems. Most of these attempts are characterized by an intention to 
achieve complete generality. The aim of the work reported in this paper was mere 
modest. Much has been learned about man-machine systems by the use of OR 
models. However, progress has been achieved by isolating particular subsystems 
for which it was possible to design models with the desirable property that the deri- 
vation of solutions was а feasible task. As а result of this, the theory of OR is 
fragmentary. Аз а preliminary step to building a more comprehensive theory of 
man-machine systems, we have investigated assemblies of just two subsystems ‘or 
each of which a known model type exists. There were two purposes in mird: 
to discover whether the combination of model types would produce new and mare 
general model types and also to investigate the interactions between subsysteras. 
The first purpose proved to be difficult of achievement, because we chose examples 
for which we could not derive the solution. The study of interaction, however, 
proved to be interesting even with very simple systems. A drastically simplifed 
model of electricity supply is described in detail to illustrate the difficulties wh ch 
can arise when two connected subsystems are under the control of different decison 
makers. 


3Fd. 1. Cost Benefit Analysis and Project Evaluation, Joan 8. Млсром- 
ALD, Room 2781, United Nations, Вох 20, Grand Central P.O., New York, М. Y. 
Cost benefit analysis, while it yet lacks a coherent formulation, is emerging as.an 
increasingly versatile technique. It already represents the best available approsch 
to reconciling decision making at the macro and micro-economic levels. The 
technique has an established use in analysing projects which are undertaken for 
direct economic gain, (non welfare projects). Its use is being extended to inclide 
appraisal of projects involving welfare economics; i.e. where direct economic gain 
must be reconciled with the collective economic interest. The difficulties in usmg 
the technique for both types of problem are discussed. A description of the Lis- 
counted Cash Flow Rate of Return method (DCF) and the concepts ої Оррог- 
tunity Costing and Shadow Pricing among others are given. The problem of 
translating economic and social welfare benefits into units of measurement ccm- 
parable to the cash equivalents or material balances used'in economic models. is 
presented. The background for the discussion is a varied one and references are 
made to the differing types of economy throughout the world. The applicaton 
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of the methods in handling various types of problems is discussed. These include 
such projects as Irrigation and Reclamation, Air Pollution Control, Health Urban 
Transit, Highways and Transportation Networks, Recreation, Housing, Education 
and Depressed Агез, Development. 


3Fd. 2. Planning, JACQUELINE ANDERSON, Operations Research Group Case 
Institute of Technology, University Circle, Cleveland 6, Ohio. 

Few attempts have been made to formulate a theory of planning. Among those 
that have been made, there is general agreement that planning is a буре of decision 
making. There is disagreement on whether rational or scientific methods can be 
used to make these decisions. The controversy is a result of a fuzzy concept of 
what planning attempts to do and the difficulties involved in doing it. The unique 
feature of planning is the necessity for making simultaneous decisions in order to 
answer interdependent questions. Since the present mathematical techniques of 
scientific method allow optimization with respect to only one or two decisions, they 
are inadequate for planning purposes. However, scientific method as a way of 
conducting and solving problems is applicable and, in the end, logic is the basic tool 
for obtaining rational planning decisions. Planning faces other difficulties as a 
result of the lack of knowledge about the formulation of objectives and the genera- 
tion of resources. In addition, the uncertainty of the future requires that planning 
be flexible and/or adaptive. 


3Fd. 3. An Heuristic Approach to Corporate Planning by Aggregating 
Models of Business Functions, Marx E. Stern and Bernarp В. Hanon, 
New York University, Graduate School of Business Administration, 100 Trin- 
ity Place, New York 6, М. У. 

Although mathematical models of many business functions have been reported, 
there is little evidence that a set of these models representing the functions of a 
given firm has been integrated into a meaningful, consistent, cohesive plan of busi- 
ness action. In other words, models giving local optima are numerous; however, 
the purpose of planning is to achieve global optima. After investigating the nature 
of planning, the concept of the planning audit, and the need to adjust the plan to a 
changing environment, the paper suggests by using several models as examples 
how intermodel linkages can be accomplished. Bayesian statistics and statistical 
control charts are introduced as a means of permitting management to ascertain 
to what extent current operations are consistent with planned results. Criteria for 
identifying “significant deviations" and their corresponding loss functions are es- 
tablished; a diagnostic approach to tracing deviations back to the pertinent sub- 
function is developed. 


4Fc. 1. Model for Decision—A Method for Selecting В & D Efforts, MEL- 
VIN TANCHEL, Technical Advisor, Directorate of Technology, Hq. AFSC, United 
States Air Force, Andrews Air Force Base, Washington 25, D.C. 
Our rapidly expanding technological base poses an enormously difficult problem 
to the decision-maker responsible for selecting technical efforts. Faced with a fixed 
or decreasing resource budget, it is indeed a difficult task to select which technical 
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efforts to fund from the vast potential. This paper presents a technique to aid the 
decision-maker. By making use of known techniques of system cost/effectiveness 
analysis, we use а model to establish an orderly array of technical efforts. The 
paper describes the technique and discusses some of the values obtained by the use 
of the model. It points out that this technique is an aid to the decision-maker and 
not а replacement for him. 


4Ес. 2. А New Weight-Setting Model for General Use in Evaluations, 
Leroy В. Rosen, Department of the Navy, Bureau of Ships, Washington 25, 
D. C. 
Ап investigation is made into the *Approximate Measure of Value" theorem and 
а proposed new theorem, both of which have been derived as an aid in determining 
the optimum set of weighting factors to be applied to problems requiring comparison 
of complex alternatives. The study discloses that the “Approximate Measure of 
Value" theorem is invalid, but that its deficiencies can be corrected through adop- 
tion of the new theorem. 


4Ес. 4. POED—A Method of Evaluating System Performance, D. В. J. 
Warre and D. Г. Scorr, White Electromagnetics Inc., 670 Lofstrand Lane, 
Rockville, Maryland. 

* POED is an evaluation and decision technique which permits computing per- 
formance of a device, equipment, system, or system complex; compares and scores 
this performance against requirements or value judgements representing users’ 
needs; and organizes results in a useful manner so that assessment of value is read- 
ily achieved. It is a basic ingredient for making decisions. POED permits 
comparing performance of dissimilar to competitive systems against several yard- 
sticks representing different attributes of performance requirements. It also pro- 
vides a means for determining sensitivity of a system to its constituents and for 
computing the confidence factor of results. Finally, POED provides a synthesis 
tool for optimizing systems in conceptual, design, operational, or retrofit stages. 
ж Pronounced Po'éd: POED—Performance Organization for Evaluation and 
Decision. 


4Fd. 1. Allocating Restricted Resources to a Project Network, Dr. R. L. 
Martino, Manager, Advanced Systems, Olin, 460 Park Avenue, New York 22, 
М. У. 

Networks can be used to represent the activities to be performed in a project. 
Estimates of time and cost are used to establish possible project durations and to 
find the Critical Path or longest chain. However, the actual project duration 
and the possible job starting times are dependent on the resources available. In 
fact, after resource restraints are taken into account, a new critical path is often 
established. A technique has been developed for allocating resources in an opti- 
mum or leveled fashion. This method is applicable to a single project or to many 
projects simultaneously. The resources may be fixed, variable, or a combination 
of fixed and variable limits. There is no limit to the number of resource types, or 
the number of activities, that can be handled. The result of the allocation proce- 
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dure is a scheduled starting time for each job, taking into account both the 
resources required and the resources available. The results of the calculation proce- 
dure may be further displayed on a time-oriented network to provide visual assimu- 
lation of the results. This paper will outline the resource allocation and scheduling 
procedure described. 


4Fd, 2. On Expected Times for PERT Activities, Kraus Авт, U. S. Naval 
Weapons Laboratory, Dahlgren, Virginia. 

In order to study the relation between estimated and actual times for PERT 
activities, many of the U. S. Navy’s completed networks, with a total of approxi- 
mately seven thousand activities, were analyzed. The goal of this analysis was to 
improve the present time prediction procedure, which uses a prediction formula 
based on the assumption that the time estimates are beta-distributed. Extensive 
applications of multiple regression techniques showed that the estimated “most 
likely” time m of an activity has the highest prediction power for the actual time. 
In fact, a polynomial in m of second or third order, depending upon conditions, in 
many cases was found to be sufficient to predict the (logarithm of the) average 
actual time, or “expected time”. The respective coefficients in the polynomials of a 
given order did not vary significantly between the systems analyzed. Also, the 
variability of actual times about their mean for given most likely times m showed a 
uniform pattern for all cases investigated. On the basis of these consistent re- 
sults it is concluded that the prediction of expected times for PERT activities and 
their variances could be improved by using the established relations between esti- 
mated and actual times, provided that these relations are continuously verified or 
corrected as more networks are completed. 
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THE ORSA COUNCIL MEETING 


During the Society’s Meeting in Seattle the Council met on May 6 and 7. А+ 
these sessions, the following items were reported and discussed: 

1. W. Edward Cushen has been named а Contributing Editor of IAOR for the 
United States 

2. Whether ОВЗА National Meetings should last two or three days was dis- 
cussed. It was the sense of the Council that the length of a Meeting is a prerogative 
of the Meeting Chairman and Committee. 

3. The presentation of papers at National Meetings and the publication of ab- 
stracts were discussed. It was the sense of the Council that the Meeting Chairmen 
and Committees should be guided by the Constitution and By-laws of the Society 
with respect to these matters. 

4. The Council accepted the proposal of Ellis Johnson, representative to the 
AAAS, that the Society, in cooperation with TIMS, prepare a program for presenta- 
tion at the December 1964 Meeting of the AAAS to be held in Montreal. 

5. The Council voted to sponsor the Third International Symposium on the 
Theory of Traffic Flow, tentatively scheduled to be held in the summer of 1965 
in New York. The Transportation Science Section will handle arrangements for 
the Symposium. 

6. Martin Ernst has been named Chairman of the Program Committee for the 
IFORS Meeting to be held in the United States in the summer of 1966. 

7. As of the end of October, the Society’s paid membership numbered 3,693, 
and subscriptions to the Journal numbered 3,317. 

8. The Membership Committee reported its nominees for full Membership in 
the Society. А list of the new Members elected is shown below. 


ELECTED TO FULL MEMBERSHIP 
NOVEMBER COUNCIL MEETING 


AYER, 'RANKLIN А. EBERHARD, ROBERT А. 
BOLTHOUSE, ANTRONY В. FABRYCKY, WOLTER J. 
Воовв, JAMES ARTHUR Farr, Ермлво C. 
Brevpy, JUNE FISHBURN, PETER С. 
Вітллмотом, Epwarp W. Frick, James W. 
CHRISTENSON, CHARLES J. Grsson, Јонм D. 
COLE, ALEXANDER T. Guick, JEROME М. 
Curtis, WESLEY E. Goop, Donat E. 
Dean, RICHARD А. GorFINKEL, J. MARTIN 
DRISCOLL, JOHN J. Greene, Віснаво М. 
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HALL, James Е. 

Hanpa, TRILOK М. 
Haart, ALEX L. 

Hert, PAUL 

Heuston, Mitton C. 
Honerkamp, DONALD L. 
Новнеѕ, Віснано R. 
James, Larry В. 
JAMISON, SUE STORER 
Јонмвом, ALBERT M. 
Канів, Вовквт V. 
KARL, DARREL J. 
KARLIK, LUBOR J. 
Как, RAYMOND L., JR. 
KRILL, Автнов М. 
Ковке, Martin I. 
LARSEN, JAMES WALTER 
Lewis, THEODORE В. 
Line, Rurus С. 
Locksngy, NORMAN 
Marx, Henry PETER 
MarHEWSON, Мовіву Н. 
McKenney, JAMES L. 
Mrrason, NoEL MARIO 
Misster, CHARLES W. 
MOBILLE, GEORGE JACK 
Mona, Epwaro J. 
Mur, Donar Е. 
NERENSTONE, Marc А. 
NILAND, POWELL 
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O'Mzazna, Francis J. 
OnrENBURGER, вн NATUS 
PAYNE, WILBUR 
ROBERTS, JOUN EDWIN 
RozLorrs, ROBERT 
Ross, Ricsard Н. 
Rosensere, LLovp Н. 
ROTESTEIN, Marvin 
Rowen, Joan W. 
Влвіх, Мплом D. 
SAMUEL, ARYEH 
Searcy, кү T., Jr. 
SESSLER, Јонм C. 
Зкуквзку, M. D. 

Яну, WinuiAM Н. 
SINGER, ARNOLD 
SORIANO, ABRAHAM 
SrAggL, Hans W. 
STRINGER, JOHN 
THOMPSON, WENDELL J. 
TOELLNER, Јонм D. 
Torres, Jame Е. 

van Сивсн, Јонх PETER 
Ventura, E. М. 

WADE, PETER F. 
Weaver, B. D. 

Увы, WILLIAM J. 
У/’нтзтом, У’пллам В. 
У’в:тв, Doveras J. 
WorrsoN, Mitton L. 


TREASURER'S REPORT 


Santa Monica, California 
March 8, 1964 


Following is a statement of Cash Receipts and Disbursements of ORSA for the 


calendar year 1963. The report of the auditors accompanies this statement. А 
breakdown into three columns is used, with International Abstracts in Operations 
Research and the Bibliography Project receiving special consideration. The 
method of statement is on an explicit cash basis with major obligations listed by 
note. 

The Bibliography Project is now completed. This effort was originally supported 
by the National Science Foundation. During 1963, all the support for the Bib- 
liography Project was from ORSA funds. 

Joun E. WarsH 
Treasurer 
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AUDITOR'S REPORT 
Baltimore, Maryland 
February 25, 1964. 
The Operations Research Society of America, 
Baltimore, Maryland. 

We have examined the statement of cash receipts and disbursements of The 
Operations Research Society of America for the year ended December 31, 1963. 
Our examination was made in accordance with generally accepted auditing stand- 
ards, and accordingly included such tests of the accounting records and such cther 
auditing procedures as we considered necessary in the circumstances. 

In our opinion, the accompanying statement presents fairly the cash receipts. and 
disbursements of The Operations Research Society of America for the year ended 
December 31, 1963. 

Lysranp, Ross Bros. & Момтсомнну 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
For the year ended December 31, 1963 


Naiianal 
Science 
Interna- Foundation 
tional | Grant Bib- 
Арган liography 



































Regular sh" Pro есі 
Receipts: 
Members’ dues.. ...... ......... ........ $44,271 $11,164 
Subscriptions. ..... .................... чине 32,186 14,679 
Advertising, less commissions..... ............. 15,199 
Sales of back issues. ..... .......... ......... 5,092 32 
Воуа 68:2: Sp nae dante E a e eee 3,978 
Tater est nites зе RI ewes bein Peek rir ep els Be 2,311 
Meetings, neb.... .............. ............ 1,184 
Miscellaneous ..... ... ............. ...... 889 
105,110 25,875 
Disbursements, as annexed ... . ........... 84,869 38,792 $2,251 
Excess of receipts over disbursements... .... . 20,241 (7,917) (2,251) 
Cash at beginning of year . .. .. 20... o. 55,227 25,885 200 
Cash transferred in support of: 
IAOR .......... а оа ааа s (1,895) 1,895 
Bibliography Project КОКУ ng. бо (2,051) 2,051 
Cash at end of year .. . . . i ok ...  .. $72,022 $19,368 $ -6- 
Represented by: 
Petty cash funds. EU Ah: qd m 550 200 


Demand deposits .. ... 220. ss sess o... 16,472 19,168 
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Deposits with federal savings and loan associa- 


‚ Portions of the cash balance are reserved as follows: 
Unearned subscriptions: 
Volume 12 to be issued in 1964. . .......... 
Volumes 3 and 4 to be issued in 1964 and 1965 . 
Guarantee to publisher of the Society’s series 
“Publications in Operations Research” ........ 
Unpaid reimbursement vouchers and bills.. ..... 


DISBURSEMENTS 


Regular 











6,000 





$30,000 








For the year ended December 31, 1963 


Journal printing costs. ...... s.. ............... 
Editorial and other expenses ...... ........ .... 
Salaries and їеез.......... ..... ul ........... 
Managerial services ...... ... . ... ......... . 
Bulletin pinting..... ... а. 
Publications in ОВ... | |  . .... ........ ate 
Printing and binding directory. ED 

Travel expense. .... ...... ; 

Council and officers’ expenses (Note). fac eas ets 
General Society expenses ............ . ... б 
Lanchester Prize.... . .......... use suus se 
TEORS Dies! cu shah edu de y ce s ; 
Supplies, materials, etc...... . .. . . ... ..... 
Auditing.. Pea a e У ERR D, З 
Committee pns (N ote) . MEC IM TATE 
Brochure on OR. . .. ............. ..... sese 
Equipment....... .. .............. КОСО 
Maillist............. RUP 
Miscellaneous. .. .  .... ..... . ... 


Total disbursements ................... ner ner 


Regular 














500 





$15,000 


Inlerna- 
Нопа 

Abstracts 
in OR 


2,615 


1,381 


899 


18 





$33,792 


=a 


National 
Science 
Foundation 
Grani Bb- 
Hography 
Project 


tography 
Project 


$1,827 


224 


200 





$2,251 
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National 
Science 
Interna- Foundation 
tional | Стат Bib- 
Abstracis ography 
Regular in OR Project 


Note: Details of council and officers’ expenses and 
committee expenses are: 
Council and officers’ expenses: 














Council...... а.а. $248 
President. — мур ЗЕ ра 934 
Е у ню au AIT Ga es 461 
TFORS Secretary... .. ..... ....... .... 500 
$2,143 
Committee expenses: 

Membership... . .. ......... $104 
lg pL 100 
Sections. ......... аа... lese авиа зання 50 
$254 








HAWAII MEETING: ORSA WESTERN SECTION 


The Tenth Annual, First International, Meeting of the Western Section of the 
Operations Research Society of America will be held at Honolulu, Hawaii on 14- 
18 September 1964, and is being co-sponsored by The Operations Research Society 
of Japan. This meeting has three themes: (1) Uses of operations research (OR) in 
technical fields and professions. (II) Developments in OR techniques. (ПТ) 
Military, industrial, government, and business application of OR. 

The first theme is given special emphasis. Practitioners in many fields are en- 
couraged to contribute papers that illustrate uses, or potential uses, of the OR 
approach in their specialty areas. This meeting should be valuable, as an introduc- 
tion to OR methods, for persons in virtually all technical fields and professions. 

The Meeting Chairman is Dr. Jonn E. Watsu, System Development Corporation, 
Santa Monica, California. The deadline on submission of abstracts for contributed 
papers is 15 June 1964. Membership in an operations research society is not re- 
quired for presentation of a contributed paper. In addition, a number of invited 
papers are being scheduled. The Keynote Address will be given by Tam Honor- 
ABLE CHARLES J. Нетсн, Assistant Secretary of Defense, Comptroller. 

Persons interested in attending this meeting should contact the Meeting Chair- 
man at once and obtain a questionnaire to be filled out concerning their desired 
travel arrangements. Prompt action in obtaining and returning this quesiion- 
naire is important in making suitable travel and hotel arrangements for the meeting. 


THE REPORT OF THE 1962 LANCHESTER PRIZE COMMITTEE 


М. L. Ernst, М. М. Ёгоор, В. Е. Gomory 


The 1962 Lanchester Prize Committee continued to follow the procedures de- 
veloped by previous Committees. ORSA members selected for their knowledge 
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of various fields of operations research were invited to select “. . . the best papers 
on operations research or reporting on an operations research study, identified as 
such”. This year 50 publications were examined for prizeworthy papers by 93 
screeners. 

Coverage. All articles appearing in Operations Research, Management Science, 
the Operational Research Quarterly, and the Naval Research Logistics Quarterly were 
assigned individually, two screeners to a paper. All other publications were exam- 


ined by two screeners each. The following publications were covered: 


Administrative Science Quarterly 

Advanced Management 

Aeronautical Space Engineering 

American Economic Review 

Annals of Mathematical Statistics 

Applied Statistics 

Behavioral Science 

Bell System Technical Journal 

Biometrics 

Biometrika 

Canadian Journal of Mathematics 

Conflict Resolution 

Econometrica 

The Engineering Economist 

Ericsson Review 

Harvard Business Review 

Highway Research Board, NRC, Pro- 
ceedings and Bulletins 

Industrial Quality Control 

Information and Control 

Journal of the American Statistical As- 
sociation 

Journal of the Association for Comput- 
ing Machinery 

Journal of the Australian Mathematical 
Society 

Journal of Farm Economics 

Journal of the Franklin Institute 

Journal of Industrial Engineering 

Journal of the Operations Research 
Society of America 

Journal of the Operations Research 
Society of Japan 


Screeners. 


Journal of the Royal Statistical Society 
(Series A and B) 

Journal of the Society for Industrial and 
Applied Mathematics 

Management and the Computer of the 
Future 

Management Science 

Management Technology 

Naval Research Logistics Quarterly 

Operational Research Quarterly 

Proceedings of the АТЕЕ 

Proceedings of the AIJE 

Proceedings of the Institute of Radio 
Engineers 

Proceedings of the Joint Computer 
Conferences 

Quarterly of Applied Mathematics 

Quarterly Journal of Economics 

Recent Developments in Information 
and Decision Processes 

Review of Economics and Statistics 

Review of Economic Studies 

Self-Organizing Systems 

SIAM Review 

Sociometry 

Technical Planning on the Corporate 
Level 

Technometrics 

Transactions of the ASQC 

Transactions on Engineering Manage- 
ment 


Those who accepted service as screeners are listed below. This 


report carries with it the sincere thanks of the Committee and the Society for their 


efforts. 
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М. А. ABLAHAT Е. М. Jacoss 

J. W. ABRAMS W. S. JEWELL 

J. H. BATCHELOR R. В. JogNsoN 
S. BEER А. М. Jones 

E. О. BERDAHL J. E. KELLEY, JR. 
В. BERNHOLTz E. KOENIGSBERG 
А. BLAKE R. L. KORGEN 

R. H. BLYTBE, JR. J. B. LATHROP 

G. BRIGHAM E. L. LEESE 

Е. C. Brooxs R. Н. LENCE 

A. A. BROWN G. R. LINDSEY 

R. G. Brown J. D. С. LITTLE 
A. V. BUTTERWORTH B. O. MARSHALL, JR 
T. E. Caywoop J. Е. Мебіовккх 
С. K. Снаско А. M. Моор 

А. CHARNES G. E. Nicaotson, Jr. 
L. S. CunisTIE С. OBREN 

C. W. CHURCHMAN D. E. OYSTER 

J. C. R. CLAPHAM G. S. PETTEE 

І. H. Core E. I. PrNA 

R. R. CRANE P. RaATOOSH 

W. E. CUSEEN P. J. SANDIFORD 
B. V. DEAN M. W. SASIENI 
D. E. DEBEAU M. G. 8сновв 

W. L. РЕЕМЕВ А. S. SCHULTZ, Ja. 
J. M. Доввів S. SHERMAN 

B. DZIELINSKI J. SILBER 

L. C. Крів N. M. 8мітн 

J. H. ENGEL J. STEINHARDT 
W. R. FAR D. 8. STOLLER 

G. J. FEENEY R. J. SOUTHERLAND 
L. FRIEDMAN W. H. SUTHERLAND 
D. P. GAvER (Miss) J. G. TAYLOR 
H. K. GAYER C. J. THOMAS 

D. C. Gaus M. TRAURING 

D. Г. Сквгобан G. W. TYLER 

A. J. GOLDMAN J. S. VIGDER 

S. К. Gurra H. M. WAGNER 
М. НАтвЕнТ J. E. WALSH 

F. J. HAnRIS 

J. Н. Henry R. 8. WEINBERG 
D. B. HERTZ H. К. Weiss 

J. C. Нитніск T. М. Warrin 

N. А. HITCEMAN W. Е. WHITMORE 
N. J. HOPKINS R. I. WILKINSON 
W. J. Новудтн P. B. WILSON 

D. HOWLAND S. WINKLER 
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Selection of the Prize Paper. Twenty-nine articles from 13 publications were 
cited as prizeworthy by one or more screeners. All of these papers were then 
studied by the members of the Prize Committee. The Committee members also 
considered several additional papers from the literature which they thought worthy 
of participating in the final evaluation. 

The Committee unanimously nominated the following paper for the prize: "Ве- 
ducing Letter Delays in Post Offices,” by R. M. Oliver and A. H. Samuel, pub- 
lished in OPERATIONS RESEARCH Vol. 10, No. 6, Nov.-Dec. 1962, page 839. 

The Committee regards the Oliver-Samuel paper as an excellent example of a 
case history, involving a combination of model development and data analysis. 
The problem treated is one which has an effect on the daily lives of all of us; the 
industry involved is a “classical” one, which has in the past received limited 
formal analytical study. The Committee considers that the authors developed 
the necessary model and mathematical background with considerable skill; although 
the models are basically simple, they are adequate for the purpose, and are sub- 
stantiated by a series of experiments described in the paper. The end results are 
practical, and should make an effective contribution to improving the system 
under study. The Committee agreed with screeners’ views concerning the clarity 
of exposition and the general excellence of the paper. 

The Committee would like to express its great appreciation for the enormous 
amount of work done by Dr. James H. Griesmer of IBM Research in helping to 
organize and carry out the survey in a most efficient way. 


PHILADELPHIA ORSA CHAPTER ACTIVITIES 


The Philadelphia Chapter sponsored an all-day meeting on March 26, 1964 on 
“Operations Research in the Delaware Valley.” The meeting, which was held at 
the Drexel Institute of Technology, featured a luncheon talk by Dr. SIDNEY SHORE, 
Professor of Civil Engineering at the University of Pennsylvania, and Dr. LERoy 
Ввотнивв, Dean of Engineering at Drexel and past President of ORSA, on activ- 
ities of the U. S. Air Force Operations Analysis Stand-by Unit at the University of 
Pennsylvania. Other speakers on the program were: Dr. SIGURD L. ANDERSEN, 
E. I. DuPont de Nemours & Co., “А Push-Pull Marketing Model, Mr Louis 
P. Crank, Missile and Space Division, General Electric Co., “Arms Control and 
the Economy," Mr. R. V. D. Campari, Burroughs Corp., “Operations Research 
in Defense В & D Planning," Lr. Cuna. Снавоює ХУ. Rixey, U. 5. Navy Field 
Assistance Group, “An Inventory Model for Reparables—Theory vs. Practice,” 
Dr. Ввіттом Harris, University of Pennsylvania and the Penn-Jersey Transporta- 
tion Study, “Decision-Oriented Models for Projecting Urban Growth Patterns." 


ORSA WESTERN SECTION 


Officers for 1964 are Marvin Готнев, Chairman; Harvey Waener, Vice- 
Chairman; Joun Coueman, Secretary-Treasurer. John Coleman’s address is: 
6450 Riggs Place, Los Angeles 45, California. 


UNIVERSITY OF CALIFORNIA STUDENT SECTION 


At a special meeting held on November 5th, two changes were made to the Sec- 
tion’s Constitution. Article ГУ, Section 2, was changed to: “The term of office 
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shall be one year. Each officer will be elected at a special meeting during the Fall 
Semester. The elected officer...” Article V, Section 1, was changed to: “The 
regular meeting shall be held at least once each month during the school year. 
The time and place of each regular meeting shall be announced well in advance.” 

At the same meeting, new officers were elected. They are: President: RICHARD 
J. SwzensEX, Vice-President: Ennis L. Јонмѕом, Secretary: ЮАмтЕ Р. HEYMAN, 
Treasurer: Неввевт В. PENNY and the address of the Section is: 


Student Section of ORS A 
Operations Research Center 
1301 South 46th Street 
Richmond, California 


Speakers at this year's meetings have included WILLIAM JEWELL, Bennet Fox, 
Heiner Мовілжв-Миввасин, RICHARD J. SwERSEY, and EDMUND EISENBERG. 


REPORT OF THE EDUCATION COMMITTEE 


The Education Committee has been concerned with formal programs of education 
in Operations Research. While many schools include a few Operations Research 
courses of study in both undergraduate and graduate curricula for the traditional 
disciplines, there are relatively few schools which have comprehensive programs in 
Operations Research itself. We believe that the future development of Operations 
Research depends in large measure upon the kind of education offered in Opera- 
tions Research. 

The Committee, therefore, intends to collect and publish information on the 
comprehensive programs for education in Operations Research available in edu- 
cational institutions in the United States. The Committee will examine first 
those programs at institutions which offer both masters and doctoral degrees in the 
methods and applications of Operations Research. No attempt will be made by 
the Committee to define Operations Research for this purpose except to identify 
such programs and their curricular content more with Operations Research than 
with other traditional disciplines. The previous report (OR Bulletin, Vol. 11, 
Spring 1963, pp. B-76~99) contained the programs of California (Industrial En- 
gineering, Berkeley), Case, Cornell, Johns Hopkins, M.I.T. and Stanford. Below 
are the programs of California (Business Administration, Berkeley), Carnegie, 
New York University, and Northwestern. Other programs will be published in the 
future. 

ORSA Education Committee 
Harvey М. Waener, Chairman 


UNIVERSITY OF CALIFORNIA (BERKELEY) 


The curriculum in operations research leading to advanced degrees in this field 
was formally initiated in 1957 in the School of Business Administration. The 
objective is to prepare the student for advanced work in operations research either 
in its applications or in advanced basic research and in teaching. Emphasis is on 
the development of analytical abilities, on a thorough understanding of economics 
of organizational operations, on realistic problem formulation and solution, and on 
the significance of operations research as a social optimizing method. 
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I. Undergraduate Requirements 


Students who enter the School of Business Administration with the equivalent 
of two full years of calculus and a course in statistics and probability theory may 
choose operations research as a field of emphasis. Such students are required to 
take Business Administration 198. These students also take two additional courses 
in mathematical programming, dynamic programming, queueing and inventory 
theory. 'They take special sections of the Core Currieulum in Business Adminis- 
tration in which quantitative models in marketing, production, finance and or- 
ganization theory are discussed. 


II. MBA and Ph.D. Requirements 


A basic set of courses in economics and business administration is required of all 
MBA candidates. The core includes courses in micro-economic theory, account- 
ing, production, finance, industrial relations, marketing and legal aspects of busi- 
ness administration. Students selecting the operations research option in the 
MBA program must have taken a two-semester course in calculus and one-semester 
course in statistics. They are recommended to take additional mathematical pre- 
requisites amounting to four semesters of the calculus, a course in linear algebra 
and a course in probability theory as well as statistics. 

For completion of the MBA program in operations research, students will nor- 
mally select courses В.А. 193, 293, 294, 295, 299 and an additional 3 courses 
selected from business administration, statistics and industrial engineering. 

Ph.D. candidates must take qualifying examinations in Economic Theory and 
Organization Theory. In addition, they must take two qualifying examinations in 
fields approved by the Ph.D. Committee. These may include OR and Statistics. 
The student is then expected to prepare a thesis and may select a topic in the gen- 
eral area of OR and management science. 


ТИ. Last of Operations Research Courses 


В.А. 198. Iniroduction to Operations Research—Introduction to the history, 
practice, and nature of operations research; formulation of the problem; meas- 
uring costs; forecasting by probabilities. Models; sampling; recommendations; 
implementation and control; organization of operations research groups. “Та- 
troduction to Operations Research" by Churchman, Arnoff and Ackoff. 

В.А. 210. Seminar in application of digital computers to problems in the social 
sciences. Problems and projects in the computer simulation of economic and 
industrial processes, thinking and learning processes, and neutral processes. 
Consideration of problems of artificial intelligence, mechanical linguistics and 
information retrieval. 

В.А. 242. Analysis of Production Management Problems. Decision-making in 
production planning; types of decisions and variables involved; possibilities for 
quantification of variables; criteria for decision; methods of analysis. Emphasis 
is placed on applications of modern analytical methods in the solution of prac- 
tical production problems. 

B.A. 292. Development of a Scientific Approach to Management. 

B.A. 293. Seminar in Operations Research. An advanced seminar. Discussion 
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of the problems of mathematical models, measurement, organization of research 
and implementation. This seminar relates research and top-level organizational 
decision-making. The student will report on а topic of major interest selected 
by him. Ackoff’s “Progress in Operations Research." 

В.А. 204. Measurement of Decision Criteria. This seminar is essentially a study 
of models for measuring the values of objectives and a critical diseussion of the 
problems involved. Churchman’s “Prediction and Optimal Decision.” 

B.A. 295. Inventory and Waiting Line Theory. Analysis of inventory and sched- 
uling problems, including formulation of management approaches to solutions, 
attention to the techniques of formal analysis and comparison of applications in 
various industries. 

B.A. 299. Research in Business Problems. An operations research project con- 
ducted with a business firm or some other type of organization. The course 299 
normally consists of the preparation of a paper based on an OR study for some 
business firm, government agency, university division or other organization. 
This study is begun in the fall semester and completed in the spring semester 
and may be done cooperatively with other MBA candidates. 

Econ. 207A-207B. Mathematical Economics. Applications of mathematics to 
economic theory, including: utility and subjective probability, behavior of pro- 
ducers and consumers, equilibrium and optimum of an economy theories of games 
and organizations, economic growth, dynamic programming. 

Econ. 203. Mathematical Theories of Economic Planning. 

Additional courses in Industrial Engineering and Statistics. These include In- 
dustrial Engineering 161, 162, 163 and 264. Statistics 168, and 169. See 
previous announcements of operations research curriculum in Industrial En- 
gineering, University of California, Berkeley, in the previous issue of the ORSA 
Bulletin. 


IV. Research Activities 
Center for Research in Management Science 

The Center for Research in Management Science is an established center on the 
University of California Campus, Berkeley. Doctoral candidates are employed 
as research assistants to assist members of the faculty in their research on many 
of the grants. This provides both financial support for graduate students who 
are continuing a lengthy educational period, and research training and experience 
for them under recognized men in the field. 

The Center’s program also encourages visiting scholars to join the staff for work 
during the summer, or for other varying periods of time during the academic 
year. 

Weekly seminars of the Faculty Council have a planned program followed by 
informal discussion. Such interchange of ideas and critical review of work in 
progress is an important stimulus to faculty research and interdisciplinary com- 
munication. 


Current Projects 


The special projects currently receiving outside support are indicative of the 
scope of the Center’s research activities. The Carnegie Corporation of New York 
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supports a program of research and education designed to contribute to the knowl- 
edge of human higher mental processes through the technique of computer simula- 
tion. The principal investigators are Prorsssors EDWARD А. FEIGENBAUM and 
JULIAN FELDMAN. PROFESSOR FEIGENBAUM is concerned with a theory of the 
information processes by which the brain discriminates, memorizes and associates 
verbal symbols. Рвогизвов FELDMAN is concerned with building models of the 
information processes used by human beings to generate and test hypotheses about 
patterns in a series of two-choice events. These theories are realized in computer 
programs written in a computer language called IPL-V (short for Information- 
Processing Language, fifth version.) 

The Office of Naval Research supports & project which consists of several related 
studies in the general ахеа of economic analysis of problems of organization and 
information. From various points of view, these studies attack the problem of 
evaluation of information and decision systems, with particular attention to the 
costs, as well as the benefits, of such systems. Proressor Roy RADNER, of the 
Department of Economics and Statistics is the principal investigator, working with 
Proressor C. Desreu, of the Department of Economics and THOMAS MARSCHAK, 
of the School of Business Administration. 'The project also provides an oppor- 
tunity for four research assistants to further their work toward the Ph.D. degree. 
Prorrsson BALDERSTON, through a grant from the Western Management Science 
Institute, has undertaken & program of research on two issues concerning multiple- 
braneh organizations: evaluation of the performanee of the manager of an indi- 
vidual branch of such an organization, in view of the objectives of the headquarters 
management group and, investigation of the patterns of interaction between head- 
quarters, branches, and local clienteles in order to understand how such perform- 
ance measures must operate in the actual context of such organizations. 

Other studies by members of the Center indicate the range of research interests: 
Cuurcuman, theories of value and of ethical appraisal; ManmscHak, models of 
research and development administration; Matrmssicu, mathematical models of 
accounting; ANTON, accounting and other aspects of information systems in the 
business enterprise (including the recent construction, together with А. С. Нов- 
GATT, of an elaborate computerized business game); RATOOSH, two-person non-zero 
sum games; BALDERSTON and Hoaaatt, computer simulation of market processes; 
CHURCHMAN and RatoosH, experiments on implementation of improved or op- 
timal solutions in organizations; WnrTIN, extensions of mathematical decision rules 
for inventory control; Marscmak and McGurns, information technologies. 


V. Faculty 
Faculty primarily devoted to Operations Research 


С. West СновснмАм, Ph.D., Professor of Business Administration and Research 
Economist 

Freprrickx Е. BALDERSTON, Ph.D., Professor and Chairman, Center for Research 
in Management Science 

А. С. Ноаалтт, Ph.D., Associate Professor of Business Administration 

C. В. McGuinz, Associate Professor of Business Administration 
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Jack Rogers, Ph.D., Associate Professor of Business Administration 

Е. А. Feteenpaum, Ph.D., Assistant Professor of Business Administration 
JULIAN FELDMAN, Ph.D., Assistant Professor of Business Administration 
Том ManscHAx, Ph.D., Assistant Professor of Business Administration 


Associated Faculty in Other Departments of Instruction 


Ronatp W. SuepHarp, Ph.D., Professor Chairman of the Department of Indus- 
trial Engineering 

GzonaE B. Dawrzie, Ph.D., Professor and Chairman of the Operations Research 
Center 

Вовевт Омтев, Ph.D., Associate Professor and Associate Research Engineer, 
Institute of Transportation and Traffic Engineering. 

Упимам S. JEwELL, Ph.D., Assistant Professor 

Epmunp ErENBERG, Ph.D., Assistant Professor 
Assistant Research Engineer, Operations Research Center 

Евмезт Ковмсзвева, Ph.D., Lecturer, 
Director of Operations Research, СЕТЕ (San Francisco) 

Davi» BLacKwELL, Ph.D., Professor of Statistics 

Epwarp W. BanANKIN, Ph.D., Professor of Statistics 

Roy Rapner, Ph.D., Professor of Economics and Statistics 

Darse W. Jorgenson, Ph.D., Associate Professor of Economics 


VI. Ph.D. Graduates 


Russet, Taussig 

Doctor of Philosophy—Jan. 1962 

Dissertation: Operational Accounting for Replacement Models 
Donatp ABE 

Doctor of Philosophy—June 1963 

Dissertation: Data for Managerial Control 
Бовивт BARTON 

Doctor of Philosophy—September 1961 

Dissertation: Business Decision Theory 


CARNEGIE INSTITUTE OF TECHNOLOGY 
1. Introduction 


Operations Research at the Graduate School of Industrial Administration in- 
tegrates knowledge of management problems with competence in developing and 
applying techniques for their solution. An experimental and innovative approach 
to teaching and research encompasses work in the underlying disciplines of applied 
mathematics and statistics, organizational theory and social psychology, and mathe- 
matical and managerial economics. Fundamental efforts in these areas are directed 
toward the conception of quantitative methods, understanding of basic managerial 
and organizational processes, and design of research tools which contribute to the 
evolution of a more adequate science and discipline of management. Comple- 
mentary effort is devoted to more systematic structuring of management processes 
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in such areas as production, labor relations, marketing, and business planning. 
The Graduate School of Industrial Administration has tried to avoid drawing 
narrow and, of necessity, arbitrary boundary lines around the rapidly changing 
and relatively new applied science of operations research. The School bases its 
programs on the premise that interdisciplinary approaches to research and close 
connections between technique oriented and problem oriented interests best can 
provide significant contributions to basic knowledge and to the analysis and design 
of improved management systems. 

In addition to teaching and research in management science within the Graduate 
School of Industrial Administration, closely related efforts are in progress in the 
Departments of Mathematics, Electrical Engineering, and Psychology, and in the 
interdisciplinary Systems and Communication Sciences program. Relevant de- 
gree programs at the graduate level include the M.S. program in Industrial Ad- 
ministration in which students may elect a concentration in operations research, 
the Ph.D. in Economics with emphasis on applications of OR methods to the 
analysis of macro and micro economic systems, the Ph.D. in Industrial Adminis- 
tration with majors in either management science or systems and communication 
science, and a new joint doctoral program between GSIA and the Department 
of Mathematics in Mathematical Economics and Management Science. 


II. Full Time Faculty Primarily Associated with OR Programs 


Name School or Department Teaching and Research Activities 
J. BossENS GSIA application of quantitative methods 
to problems of financial analysis 
К. J. COHEN GSIA operations research, quantitative 


analysis of economie systems, 
simulation of managerial and 
economic systems 

W. W. Соорвв GSIA operations research, planning and 
control of industrial systems, 
mathematical programming 


О. A. Davis GSIA statistics and mathematical pro- 
gramming 
M. H. DeGroor GSIA/Mathe- statistics and applied mathematics 
matics 
М. Ніхісн GSIA statistics 
J. Е. Mura GSIA production planning and control, 
mathematical economics 
A. NEWELL Institute Professor systems design, simulation of human 
of S and CS thinking and problem solving 
processes, computer  program- 
ming languages 
H. А. SIMON GSIA/Psyehology systems design, simulation of com- 


plex information processes, opera- 
tions research, mathematical 
techniques for social sciences 


Мате 
Е. М. Томав 


G. L. THOMPSON 
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School or Department 


GSIA 


GSIA /Mathe- 
matics 
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Teaching and Research Activities 


quantitative methods for produc- 
tion planning and control, elec- 
tronic data processing systems 
computer simulation techniques 

finite mathematics, applications to 
management planning operation, 
control problems 


III. Full Time Faculty in Areas Related to Operations Research Programs 


Name 
Н. I. Ansorr 


R. G. BRANDENBURG 


N. С. CHURCHILL 


R. М. CYERT 


W. R. Dii 


R. J. DUFFIN 


B. F. GREEN, JR. 
L. W. Свеса 


A. A. KUBEN 


K. R. МасСвіммок 
J. G. Marcu 
А. J. PERLIS 


W. R. REITMAN 


School or Department 


GSIA 


GSIA 


Mathematics 


Psychology 
Psychology 


GSIA 


GSIA 
GSIA 
Mathematies 


GSIA /Psychology 


Teaching and Research, Interests 


business planning, management de- 
сівіоп making and control prob- 
lems 

production, В and D planning, 
management decision making and 
control problems 

techniques and systems for man- 
agerial control 

statistical applications to  man- 
agerial and economic problems, 
business decision making and or- 
ganization behavior 

business planning, management sim- 
ulation exercises 

development of new mathematical 
techniques, investigation of math- 
ematical implications of О.В. 
methods 

complex information processes, psy- 
chometrics 

human engineering, complex in- 
formation processing systems 

analytical techniques for analysis 
and solution of marketing prob- 
lems 

production planning, organization 
theory 


organization theory, organization 
design 
computer programming, systems 


analysis and design 
cognitive processes, computer simu- 
lation of problem solving 
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IV. Ph.D. Degrees Awarded Primarily in Operations Research 


Name 
А. NEWELL 


А. A. Ковнм 


P. R. Winters 


А. К, ANDO 


К. J. COHEN 


А. C. Srepry 
Е. М. Tones, JR. 


С. P. Е. CLARKSON 
С. BONINI 


J. Е. Мотя 
Н. M. WEINGARTNER 


А. B. WuINSTON 
У. 8. GERE, Jn. 
Y. Lun 


Т. A. Van Wormer 


J. D. Wrest 


О. E. WILLIAMSON 


Year 
1957 


1958 


1958 


1959 


1959 


1959 
1960 


1961 
1962 


1962 
1962 


1962 
1968 
1963 


1963 


1963 


1963 


Thesis Title 

Information Processing: À New 
Technique for the Behavioral 
Sciences 

An Analysis of the Dynamics of 
Consumer Behavior and Its Im- 
plications for Marketing Manage- 
ment 

Inventory Control in a Multiple 
Warehouse System 

A Contribution to the Theory of 
Economie Fluctuations and 
Growth 

Computer Models of the Shoe, 
Leather, Hide Sequence 

Budget Contro] and Cost Behavior 

А Heuristic Program for Assembly 
Line Balancing 

The Meno Anew: A Simulation 
of Trust Investment 

Accounting Information Systems in 
the Firm 

Optimal Linear Policies 

Mathematical Programming and the 
Analysis of Capital Budgets 

Price Coordination in Decentralized 
Systems 

A Heuristic Approach to Job Shop 
Scheduling 

Goal Oriented Models for Account- 
ing and Control 

The Trimmer—A Heuristic Ap- 
proach to the Trim Problem in 
the Corregated Container In- 
dustry 

Computer Models for the Schedul- 
ing of Large Projects 

The Economics of Discretionary 
Behavior: Nonpecuniary Objec- 
tives in the Theory of the Firm 


У. Courses Primarily in Operations Research and Related Subjects 


Quantitative Controls in Business I and II (two semesters). A sequence aimed 
at developing understanding of and ability to use the basic quantitative techniques 
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(accounting, statistics, budgeting) of business and economics. The sequence is 
taught with reference to а series of problems developing the role of quantitative 
data and techniques in management planning and control, production, financial 
and cost control, market analysis, and general administration. 

Mathematical Foundations of Management Science I and II (two semesters). A 
course to provide the mathematical foundations, beyond the calculus, for students 
especially interested in management science, operations analysis, and research in 
the social sciences. Differential and difference equations, linear algebra, and 
stochastic processes are emphasized. First semester may be taken alone. 

The Management Game. А simulation of a competitive industry in which students 
assume responsibility for major managerial functions of different firms. The pur- 
pose is to provide guided experience in managerial decision-making under condi- 
tions of competition and uncertainty. 

Mathematical Social Science. The applications of mathematical tools, including 
differential equations and modern algebra, to the analysis of sociological, organiza- 
tional and political phenomena. Methods and problems of model construction, 
and testing of hypotheses Applications of laboratory and field studies of small 
groups, organizational behavior, and social behavior. 

Complex Information Processing Systems. A seminar on the theory of complex 
information processes and techniques for studying information p rocessing systems, 
including their realization by electronic computers. Applications to human 
problem-solving and other cognitive processes and to business decision-making 
problems. 

Business Controls and Information Systems. Analysis of control and coordina- 
tion problems in micro and macro units of a business. Information and organiza- 
tion devices are assessed by means of business case studies, managerial-psychological 
experiments and analytic formulations. 

Production II. An advanced seminar in the application of modern manage- 
ment science and operations research techniques to problems in the production 
area, with emphasis on production planning, inventory control, and related areas. 

Production ITI. An advanced seminar in manufacturing operations and policy, 
centering around selected problems of interest from year to year. 

Marketing 11. А seminar in marketing policies and research. Special emphasis 
is placed on analysis of consumer behavior, studies of market potentials, and de- 
termination of marketing price and advertising strategies. Considerable use is 
made of modern management science tools where they are appropriate. 

Finance IIT. A research-oriented course with emphasis on the analysis of fi- 
nancial problems as they arise in non-financial and financial firms. Review of 
current research publications and development of quantitative techniques for the 
solution of financial problems. Individual and group research projects are stressed. 

Advanced Statistics (two semesters). Statistical description and statistical in- 
ference, probability, frequency distributions, small and large sample theory, hypoth- 
esis testing and estimation. Sampling-simple, stratified and multi-stage; bi- 
variate and multivariate analysis, including correlation, regression, and analysis 
of variance. 

Operations Research I. A survey of Operations Research in a variety of mana- 
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gerial areas, emphasizing problem formulation. The topies include: introduc- 
tion to the use of electronic computers and computer programming, waiting line 
analysis, linear programming, games of strategy, statistical decisions, and computer 
simulation of business procedures. 

Onerations Research II. A course which emphasizes the management of for- 
malized studies of planning, decision-making, and control processes in business. 
Selected operations research applications will be considered in depth, including 
large scale programming problems, stochastic systems, and mixed competitive- 
cooperative systems. Attention is given to problems of administering, imple- 
menting, and validating operations research studies. 

Operations Research Seminar. Extensions and applications of operations re- 
search techniques to managerial problems. Students will formulate and conduct 
actual operations research projects. 

Seminar in Systems and Communication Sciences. A seminar, primarily for 
students in the Systems and Communication Sciences program, in the handling 
of simple and complex problems involving a systems approach. Problems involve 
organizational, engineering, mathematical, and combined man-machine systems. 
The complexity of problems increases each semester. Students work partially 
on problems of their own choosing. 

Behavioral Theory of the Firm. An examination of economic and behavioral 
theories of the firm; decision-making activities of business organizations in com- 
petitive, oligopolistic, monopolistic markets; formulation of organizational objec- 
tives, processing of information, use of budgets and other control techniques, and 
influence structure of the organization as they affect major organizational decisions. 

Econometrics. A research seminar stressing statistical methods of econometrics 
and their application for explanation and prediction in macro and micro economics 
systems. ; 

Electronic Data Processing. The role of information flows in business organiza- 
tions and their relation to integrated data processing systems. Electronic digital 
computers and other devices for storing, processing, and transmitting information. 
Feasibility analyses for determining the economic desirability of electronic data 
processing systems, and problems involved in their installation. 

Principles of Programming for Digital Computers (two semesters). Advanced 
programming techniques, such as interpretative, assembly, and compiler routines 
and their applications. Micro-programming. Applications of digital computers 
to problems of real time simulation, continuous process simulation, engineering 
design, scientific calculations, file design and maintenance, and general information 
processing. Influence of programming on computer design. First semester may 
be taken alone. 


In addition to the courses listed above, a variety of additional graduate level 
courses and seminars are offered in the related areas of administrative behavior, 
organization behavior, economics of the firm, consumer behavior and marketing 
strategy, macro economics, welfare economics, and economic analysis and policy. 
Related courses offered in other academic divisions include human engineering, 
industrial and social psychology, research methods in the behavioral sciences, 
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probability theory, modern algebra, numerical analysis, measure theory, informa- 
tion theory, and feedback control systems. 


VI. Research Dealing Specifically with Problems of Operations Research 


Relevant ongoing research activities in the Graduate School of Industrial Ad- 
ministration include investigations of problems of management control and co- 
ordination, strategic management decision making, planning under conditions of 
certainty, planning under risk and uncertainty, critical path scheduling, applica- 
tions of heuristic programming techniques to production and marketing problems, 
developments in mathematical programming, and the design and utilization of 
complex simulations as learning environments. Other investigations are in progress 
in the areas of complex information processing, aimed at obtaining a fuller under- 
standing of problem solving, learning and decision making. A variety of projects 
are devoted to the study of the actual process of decision making in complex or- 
ganizations, in which the inferences derived from computers are being related to 
models of classical economics and political science. In other areas, compuier 
simulations are being designed and tested for investigating price, advertising, and 
product behavior in the cigarette industry; commercial bank behavior, and con- 
sumer brand shifting and product preference behavior. 


УП. Requirements for MS. and Ph.D. 
A. Prerequisites: MS. PA.D. 


Undergraduate degree in engineering, science, or mathematics (if another 
background, must know mathematics through calculus). Good score on 


ATGSB or GRE Aptitude test: 
General minimum on ATGSB General minimum on 
45-50th percentile, class ATGSB 80-85th per- 
mean, 80-85 percentile centile, class mean, 


95th percentile 
Overall record and recommendations that indicate: 
Ability to maintain minimum Ability to maintain an 
of 3.00 average on 4.00 scale average better than 


in graduate school and 8.00 on a 4.00 scale in 

ability to be & leader in graduate school and 

management. ability to do outstand- 
ing work in research 
and teaching. 


B. Requirements for M.S. degree: 


Requirements for M.S. degree with an О.В. option: То complete an ap- 
proved program of courses requiring two years of full time study with at 
least а 3.00 average (on a 4.00 scale) and to pass an M.S. comprehensive 
examination at the end of the second year. The normal program includes 
courses in: 

The foundation disciplines: Administration and behavioral sciences, 


В-98 Society Affairs 


economies and the environment of business, and quantitative methods 

(including operations research techniques). 

The functional fields of management: Marketing, production, finance, 
and labor. 

General managerial problem-solving: Assignments crossing over course 
boundaries, including a semester’s experience in a complex management game 
and a business policy case and problems course. 

Advanced electives: From offerings within the School and from offerings 
of other departments on campus. 


C. Requirements for Ph.D. degree: 


Requirements for the Ph.D. in Industrial Administration are tailored to the 
interests of each man. Students electing to major in management science 
take programs emphasizing the development and use of modern theoretical, 
quantitative, and mathematical tools for the analysis of phenomena directly 
related to the functional fields of industrial administration (e.g., marketing, 
finance, production, industrial relations, managerial control). Research is 
directed toward inventing, elaborating, and applying new techniques of орега- 
tions research and toward understanding and improving management prac- 
tice. With a Systems and Communication Sciences major, emphasis is on 
the communication and transformation of information in complex systems— 
particularly as reflected in the areas of computer programming, simulation 
of human cognitive processes, artificial intelligence, adaptive control of con- 
tinuous processes, and in the management sciences. 

The Doctoral Program in Economics, with emphasis on mathematical and 
managerial economics, encompasses training aimed toward an “econometrics” 
approach to the analysis of the behavior of individuals, firms and the economy 
as a whole and management science and operations research applications of 
economic analysis in business and industry. The program involves utiliza- 
tion of the tools of mathematics and quantitative methods. Students may 
emphasize the applications of economic analysis to industrial and other mana- 
gerial problems, may stress applications of economic theory and quantitative 
methods to economy-wide problems, or may specialize in the tools of economic 
theory and quantitative methods themselves. 

The Ph.D. program in mathematical economics and management science 
is designed for students desiring to concentrate more intensively on mathe- 
matical techniques. Students electing this program must pass a major ex- 
amination in the Department of Mathematics, and three minor examinations 
in the Graduate School of Industrial Administration. 

Students are encouraged to supplement participation in courses and seminars 
with programs of independent study and research. Students must show 
proficiency in this work and must pass a set of four preliminary examinations 
to be admitted to candidacy for the degree. Students are also required to 
pass competency examinations in mathematics and one foreign language and 
to write a dissertation which shows competence for independent and original 
research. 
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The Ph.D. program normally takes & minimum of at least three years of 
full-time study to complete. 


NEW YORK UNIVERSITY 
I. Administrative Relationships 


Until 1961, Operations Research was a field of specialization in the Department 
of Industrial Engineering at New York University. In 1961, а separate degree 
program in operations research was established, with B.S., M.S., and Ph.D. de- 
grees and the name of the department was changed to the Department of Industria] 
Engineering and Operations Research. 

It is felt that graduate study is an essential prerequisite for high level work in 
operations research and that the student wishing to enter this field should normally 
prepare to continue his studies beyond the bachelorlevel. Accordingly, his under- 
graduate training places heavy emphasis on mathematics and the basic psycho- 
logical and social sciences which are necessary for graduate study in this field. 
Since the undergraduate operations research curriculum is primarily intended to 
prepare the student for graduate work, all operations research undergraduates 
have their records evaluated at the end of the sophomore year and only those who 
have shown a firm grasp of the basic scientific disciplines important to operations 
research are allowed to continue in the curriculum. 


II. Graduate Program in Operations Research 


The objective of graduate study in operations research is to advance the under- 
standing, prediction, and control of integrated systems of men and equipment. 
This involves the mathematical and scientific methods by which principles may be 
formulated, tested, and confirmed, as well as human, technological and economic 
factors. 

The operations researcher should be skilled in the design and execution of re- 
search and in the mathematical and statistical tools needed for analyzing data 
and making predictive models. He should also be conversant with the problems 
and techniques of management. Since the field is so broad, students will usually 
concentrate on one or several aspects, depending on their interests and abilities. 
For example, some may emphasize the statistical and mathematical facets, other 
the economie, and still others the psychological. АП should be familiar with the 
common quantitative and scientific framework and have at least basic competence 
in the several specialties. 

This program, leading to the degrees of Master of Science (in Operations Re- 
search) and Doctor of Philosophy, is open to qualified students with undergraduate 
degrees in engineering, mathematics, physical science, or quantitative behavioral 
or economic science. 

Students who have not had basic courses, undergraduate or graduate, in areas 
fundamental to the field (modern algebra, probability and statistics, advanced 
calculus, economic analysis, industrial behavior), are expected to take these courses. 
Students who have an extensive background in one or more of the listed areas will 
be excused from taking these basic courses upon passing an examination. 


B-100 Society Affairs 


In recognition of the wide scope of operations research, the department has 
ineluded relevant subjects from many disciplines among its offerings and has also 
made arrangements whereby its students may do specialized work in the Graduate 
School of Arts and Science, including the Courant Institute of Mathematical 
Sciences. Courses in this department are categorized in four groups: (A) quan- 
titative foundations, (B) engineering, (C) social science foundations, and (D) 
management. M.S. students must select at least 12 credits from Group A. 

The doctoral student will normally select а minor in a relevant scientific discipline 
such as statistics, mathematics, physics, chemistry, psychology, and economics. 
(The scientific basis of operations research has not yet developed an independent 
body of scientific knowledge in sufficient depth to provide status as a separate 
science. There is thus an educational need for competence in depth in some other 
science to provide necessary methodological discipline.) 

The sum total of course work, practical experience, research, and other studies 
during the period of work toward the doctorate should be so patterned as to enable 
the student to gain mastery of the entire field. Research in operations research 
depends upon the student’s appreciation of the relevant variables and their inter- 
relations. This appreciation frequently cannot be gained solely through course 
work. When this is true, it is expected that doctoral students will acquire ap- 
propriate firsthand scientific experience prior to initiation of thesis research. This 
experience may be acquired on either a full-time or part-time basis, prior to or 
concurrent with graduate study, in educational, industrial, or governmental em- 
ployment. The experience may be in professional practice or scientific research, 
depending on the student’s proposed thesis topic. 

Before starting his thesis research, the doctoral student must satisfy an examin- 
ing committee that he is competent in both his major and minor fields. The com- 
mittee will test the student’s ability to use and integrate the different methods 
and techniques of operations research; to conduct independent research in his 
major field; and his competence in his minor (scientific) field. 

The principal purpose of the student’s thesis research is to develop and demon- 
strate the independent research competence of the candidate. It should represent 
a significant contribution to the theory, practice, or research methods of Industrial 
Engineering or Operations Research. It will normally consist of: 

1. The development and solution of a mathematical model to describe or predict 
some event, often followed by a test of the validity of the model. 

2. A controlled experiment, which may involve simulation, in which an experi- 
mental sample is manipulated and compared with similar groups which are 
not so manipulated or are manipulated differently. This is also sometimes 
followed by a test of the validity of the conclusions. 

3. А natural experiment, in which differences analogous to the controlled experi- 
ment exist in the population, and in which observations are then analyzed 
statistically. 


III. Graduate Courses (Partial Listing) 


Following is a partial listing of graduate courses offered in the Department of 
Industrial Engineering and Operations Research: 


T58.1110 
158.1150 
158.1182 
759.1186 
158.1187 
158.1188 
158.1189 
Т58.2206 
Т58.2210 
Т58.2211 
Т58.2215 
Т58.2216 
Т58.2229 
Т58.2233 
T58.2234 
158.2236 
58.2237 
158.2238 
158.2246 
158.2241 
158.2250 
158.2251 
58.2252 
'158.2253 
'158.2254 
158.2258 
158.2266 
T58.2290 
T58.2292 
T58.2296 
158.3300 
158.3301 
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Individual Behavior in Industry 
Industrial Safety Engineering 

Computer Methodology 

Deterministic Methods 

Engineering Statistics I 

Engineering Statistics П 

Production Planning and Control 
Industrial Economics 

Social Factors in Industrial Behavior 
Systems Analysis and Design 

Theory of Organization 

Human Factors in Engineering Design 
Statistical Quality Control 

Advanced Quality Control 

Computer Applications 

Linear Programming 

Introduction to Operations Research 
Systems Simulation 

Nonlinear and Dynamic Programming 
Applications of Probability 

Queuing and Related Stochastic Processes 
Industrial Experimentation I 

Industrial Experimentation 11 
Reliability and Life Testing 
Applications of Nonparametric Statistics 
Special Topics in Industrial Engineering and Operations Research 
Research Frontiers 

Advanced Seminar in Industrial Economics 
Advanced Topics in Organizational Behavior 
Research for the Master’s Degree 
Research for the Doctorate 


Following are a few of the graduate courses offered by other departments of the 
University which are relevant to our Operations Research program: 
Department of Electrical Engineering: 


134.1303 
134.1304 


Analogue Computers 
Introduction to Digital Computer Engineering 


Т34.2603-4 Information, Prediction, and Filtering Theory 


134.2606 


Systems Engineering 


Т34.2607-8 Statistical Communication Theory І, IT 
Department of Mathematics: 

G63.1050-60 Introduction to Numerical Methods 

G63.2030-40 Advanced Numerical Methods 

G63.2050-60 Special Topics in Numerical Methods 

G63.2070-80 Logic of Computation 
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Department of Economies: 
G31.2101-2 Mathematical Economics 
G31.2105-6 Econometrics 
G31.2113 Time Series and Forecasting 
G31.3007-8 Theory of Economic Growth 
Department of Psychology 
G89.2243-4 Psychometric Theory 
G89.2211 Social Psychology 
G89.2241-2 Industrial Psychology 
G89.2248 Laboratory in Experimentation on Social Interaction 
G89 2252 Laboratory in Personnel Research 


IV. Basic and Applied Research 


The staff of the Department of Industrial Engineering and Operations Research 
engages in research covering a broad spectrum of operations research activities. 
Investigations are currently being carried out under the sponsorship of many 
organizations, including the Air Force Office of Scientific Research, the Office of 
Naval Research, the Army Research Office (Durham), the Army Chemical Re- 
search and Development Laboratories, the National Institutes of Health, and the 
Ford Foundation. These investigations cover such topics as: methods of im- 
proving the efficiency and effectiveness of statistical simulation procedures; dif- 
ferences in the safety characteristics of roadways, utilizing the methods of stochastic 
processes; establishment of a mathematical model for the effectiveness of a chemical 
agent; determining the effectiveness of executive development programs; a study 
of job rating and performance; criterional variables and their use in identifying 
the operation of independent variables; randomization procedures and factorial 
experimentation; and factors affecting information storage and retrieval in man. 

Research assistantships are available to qualified students. 


V. Full Time Faculty Members in the Department of Industrial Engineering 
and Operations Research 


Norman М. Banisu, Professor and Chairman. B.S. (Econ.) 1940, С.С.М.У.; 
D.S.E.(M.E.) 1943, Michigan; M.S.(M.E.) 1945, Pennsylvania. Economics; 
management and organization analysis; information and control systems. 

Raymonp A. KATZELL, Professor. B.S. 1939, А M. 1941, Ph.D. 1943, New York 
University. Industrial psychology; organizational theory. 

JosgeH Weitz, Professor. B.S. 1937, Carnegie Institute of Technology; M A. 
1938, Ph.D. 1940, University of Virginia. Industrial psychology. 

Навої» К. Work, Professor. A.B. 1923, Ch.E. 1925, Columbia; Ph.D. 1929, 
Pittsburgh. Research Management. 

Ricnmanp S. Barrerr, Associate Professor. B.S. 1948, Cornell; A.M. 1951, Syra- 

' сиве; Ph.D. 1956, Western Reserve. Perceptions of job requirements and per- 
formance; performance measurement; selection. 

Leon H. HxnRBACH, Associate Professor. A.B. 1948, Brooklyn College; А.М. 
1947, Ph.D. 1957, Columbis. Engineering statisties; life testing; reliability 
and mathematical models. 


Society Affairs В-103 


Joun Н. К. Kao, Associate Professor. B.S. 1939, National Central University; 
M.S. 1953, D.Eng.Sc. 1962, Columbia. Reliability engineering (computers 
and systems); quality control and sampling inspection. 

Marx 8. Mayzner, Associate Professor. В.А. 1952, А.М. 1954, Ph.D. 1955, 
New York University. Engineering psychology; human factors. 

Karu A. Haas, Assistant Professor. B.Mgt.Eng. 1959, M.Mgt.Eng. 1960, Rens- 
salaer Polytechnic Institute. Methods and standards engineering; production 
planning and control. 

Моввевт Hauser, Assistant Professor. В.М.Е. 1950, Cooper Union; M.Ind.E 
1955, D.Eng.Se. 1962, New York University. Quality control; economic 
analysis; systems simulation; computer methodology and applications. 

Ессеме D. Homer, Assistant Professor. B.Ind.E. 1954, M.Ind.E. 1958, New 
York University. Data processing; management information and control, 
systems; inventory and production theory. 

Ілохр RosENBERG, Assistant Professor. В.А. 1955, Brooklyn College; M.S. 
1957, Iowa State University; Ph.D. 1962, Columbia. Queuing and stochastic 
processes; linear programming. 

SAMUEL S. STEPHENSON, JR., Assistant Professor. BEE. 1945, Manhattan; 
M.Ind.E. 1948, Stevens; D.Eng.Se. 1962, New York University. Cost control; 
industrial management; methods engineering. 

HAROLD GREENBERG, Lecturer. В.А. 1949, Brooklyn College; M.S. 1958, New 
York University. Operations research; traffic flow; reliability, mathematical 
models. 

SEYMOUR KAPLAN, Lecturer. B.S. 1950, Newark College of Engineering; M.S. 
1952, New York University. Operations analysis and mathematical models. 

IRWIN GREENBERG, Instructor. В.І. 1956, New York University; M.S. 1960, 
Northeastern. Probability, operations analysis, traffic flow.’ 


VI. Associated Faculty in Areas Related to Operations Research Program 


Mathematics and Statistics: 
FREDERICK A. Ficken, A.B., A.M., A.B.(Oxon), Ph.D., Professor. 
Marck Fisz, Mag.Fil., Sc.D., Professor. 
Jack HELLER, B.Aero.E., M.Aero.E., Ph.D., Professor. 
Warren М. Hirscu, A.B., M.S., Ph.D., Associate Professor. 
KENNETH S. MILLER, B S.(Chem.Eng.), A.M., Ph.D., Professor. 
Max А. Woopsury, B.S., M.S., Ph.D., Professor. 


Economics: 
Зотомом Fasricant, B.S., D.C.S., A.M., Ph.D., Professor. 
Bensamin J. Katz, A.B., A.M., Ph.D., Associate Professor. 
Bruno бтм, A.B., A.M., Ph.D., Assistant Professor. 


Psychology: 
ARTHUR R. Сонем, A.B., A.M., Ph.D., Associate Professor. 
Jacos Comen, B.S., A.M., Ph.D., Associate Professor. 
Lawrence KARLIN, A.B., A.M., Ph.D., Associate Professor. 
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Electrical Engineering: 


Внигоом S. Снлма, B.S., M.S., Ph.D., Professor. 

Anprew В. Сонем, B.S., M.S., Ph.D., Assistant Professor. 
Наввевт Freeman, B.S., M.S., Eng.Sc.D., Associate Professor. 
Lupwik Kunz, B.E.E., M.E.E., Eng.Se.D., Assistant Professor. 
Јонх R. Ragazzint, B.S., A.M., Ph.D., E.E., Professor. 


Civil Engineering: 
УУтомам Е. Dossins, B.S.(Sanitary Eng.), M.S. (Sanitary Eng.), Ph.D., Pro- 
fessor. 


Meteorology: 
Вим Davison, A.B., M.S., Ph.D., Associate Professor. 


VII. Recent Doctoral Graduates 


Name Thesis 
бтрмвү A. Wurrr—June 1962 Relation of high effective temperature io 
physiologieal demand in light physieal 
work. 
Ховвивт HaUsER—June 1962 Economie design of control charts for 
process adjustment. 
SAMUEL В. STEPHENSON, Jr.—Oc- А method of measuring the productivity 
tober 1962 of an industrial enterprise. 


Doetoral theses nearing completion are on such topies as: transient solutions 
for (3,5) inventory problems; parameter estimation in a simple queue; methods of 
minimizing length of run in queuing simulations; a heuristic program for а produc- 
tion system exhibiting non-Markovian characteristies; the effect of organizational 
structure on performance of engineering-design groups. 


VIII. Applications for Admission and Fellowships 


Persons who are interested in undertaking а program leading to the Master's 
degree or to the Doctor of Philosophy in Operations Research should write to 
Proressor Norman N. Bariss, Chairman, Department of Industrial Engineering 
and Operations Research. Further information about these programs appear in 
The Announcement of the Graduate Division, School of Engineering and Science. 
Fellowships, assistantships, and scholarships are available. 


NORTHWESTERN UNIVERSITY 
I. Faculty 


Full time faculty members who associate themselves primarily with Operations 
Research together with the subjects they teach and their research specialties. 
Dr. A. СнАвмез, Professor of Engineering Sciences and Professor of Mathematics 
and Economics 
Dr. L. а. Mirren, Professor of Industrial Engineering and Management Sciences 
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Dr. А. Н. RuszENsTEIN, Professor of Industrial Engineering and Management 
Sciences 

Dr. С. К. Квотив, Associate Professor of Industrial Engineering and Manage- 
ment Sciences 

Dr. G. J. Ratu, Associate Professor of Industrial Engineering and Management 
Sciences 

Mr. В. McK. онмзом, Assistant Professor of Industrial Engineering and Manage- 
ment Sctences 

Dr. В. 8імана, Assistant Professor of Industrial Engineering and Management 
Sciences 

Dr. А. P. Новтек, Assistant Professor of Industrial Engineering and Manage- 
ment Sciences and Assistant Professor of Transportation Center 


Other faculty members supporting the Operations Research Program. 
Mayer Dwass, Professor of Mathematics 
Leon М. Moses, Director of Research Division and Professor of Transportation 
Center 
JEROME Sacks, Associate Professor of Mathematics 
Pau У. SHunpiner, Assistant Professor Civil Engineering 
Ivan Sraxconp, Associate Professor Engineering Sciences 
Вовевт Н. Srrorz, Professor of Economics 


11. Graduates 


Ph.D. Graduates who have been educated primarily as Operations Research 
Practitioners along with Ph.D. Theses subjects and all degrees held by Operations 
Research Graduates. 
1960—Ph.D. 

Янитту, С. M., “Analytical Methods of Process Analyses Including Techniques 

for Sensitivity and Quadratic Programming.” 
1961—Ph.D. 

BzramrLER, CHARLES 8.; “Systems of Interrelated Quality Control Stations 

- Structured as Multi-Stage Decision Processes." 
1961—Ph.D. 

Garver, L. L., “Economic Scheduling of Electric Power Generators by Integer 

Programming." 
1961—Ph.D. 

NzMHAUSER, Georce L., "А Dynamic Approach for Optimal Design and Opera- 

tion of Multi-Stage Systems in the Process Industries." 
1962—Ph.D. 
Lynn, W., "Design Extension and Financing of Municipal Sanitary Facilities." 


7 ПІ. Research Studies Currenily Being Carried Out by Graduate Students 
Who Are Primarily Employed in Operations Research 


Scheduling of closed loop transportation systems with dynamic demands. 
General Duality theorems and mathematical programming, mathematical 
models of organizations, statistical methods of organization sampling. 
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Study of the combined inventory production scheduling problem. 

Computational methods in non-linear programming and chance constrained 
models. 

Control theoretic models of multi-level production inventory systems. 

Systems studies in water pollution. 

Stochastic Processes. 

Studies in optimal extension maintenance and financing of highways. 

Studies in non-linear production smoothing. 

Chance constrained models in econometrics. 

Mathematical models in research and development with respect to project 
selection. 

Investigating the use of simulation techniques for analyzing a combinatorial 
problem in machine placement, in which the measure of effectiveness being 
optimized is an arbitrary function. 

Design, extension, and financing of municipal sanitary facilities. 

Study of two class, single channel queues. 

Studies of production control with variable demand. 


IV. Courses Offered 


Catalogue descriptions (including text books used) of all courses of study which 
are classed primarily as Operations Research: 


Department of Engineering Sciences: 


D87—Competitive Systems Analysis: Theories and models for the study and 
evaluation of economic engineering and managerial systems in its competitive 
aspects. Mimeographed literature and text book: Management Models 
and Industrial Applications of Linear Programming, Volumes I and II. 

D88—Extermal Methods and Systems Analysis: The theory and applications 
of extremal techniques to problems of management engineering design, or- 
ganizational control, and stochastic design theory. Text book: Manage- 
ment Models and Industrial Applications of Linear Programming, Vol. I and 
II, Charnes and Cooper. 


Department of Industrial Engineering and Management Sciences: 


C11, Cl2—Quantitative Methods In Industrial Engineering I, II: Applications 
of symbolic logic, set theory, matrix algebra, fields, vector spaces, linear trans- 
formations, convex sets, constrained extremum theory, the calculus of finite 
differences, operator and and transform methods, and the theory of stochastic 
processes. 

C31, C32, C33—Industrial Engineering Design I, 11, III: А series dealing with 
the design of work systems that integrate man, materials and equipment, 
using the basic concepts and procedures of systems design. The first course 
draws upon Operations Research tools as related to systems design; the second 
centers around the “production” system, automation, and control; the third 
is an integration of all work into an over-all Jarge-scale systems design, in- 
cluding information and data processing, and the human factor. 
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C40— Introduction То Organization Theory: The course consists of two parts: 
(1) Examination of the basis for useful theories of organizational behavior 
and requirements for successful design and control of industrial organizations 
and their components. (2) Case studies of programs carried on and methods 
used by Industrial Engineering, operations research, and management science 
groups in industrial and other organizations. 

C53—Operations Research: The application of operations research techniques 
to industrial problems. Study of methods of operations research, including 
conceptual models, measures of effectiveness, sampling techniques, statistical 
methods, and probability models with specific applications in business and 
industry. Case study exercises on problems of production and inventory 
control, queuing, programming, replacement, game theory, and information 
theory. 

D10—Organization Theory: Examination of the basis for useful theories of or- 
ganizational behavior. Requirements for successful design and control of 
industrial organizations and their components. Study of selected problem 
areas: decision-making, communication, measurement of organizational 
effectiveness, etc. 

D20—Introduction To Operations Research: A study of research methods useful 
for solving complex operational problems by use of classical scientific and 
engineering tools combined with advanced mathematical techniques. Con- 
cepts and philosophies are reviewed, techniques are surveyed, and case ap- 
plications are studied. 

D21, 022, D23—Operations Research I, II, III: А continuation of D20, con- 
centrating on specific problem areas associated with Industrial Engineering. 

D40-1, 2, 3—Information And Data Processing I, II, III: The study of the 
information requirements of large-scale systems. Probability theory and 
information theory, components and operation of analog and digital computers, 
digital-analog and analog-digital converters, and the analysis of large-scale 
data processing systems incorporating digital computers. 

D50—Analysis And Design Of Control Systems: Examples of large-scale sys- 
tems, use of mathematical models, data-gathering, and the use of statistics 
in defining the design problems. System logic, queuing theory, game theory, 
linear programming, simulation, and human engineering applied in the design 
of large-scale work systems. 

Ell, E20, E30—Seminar taking up advanced problems of interest to faculty 
and students. No text. 

E80— Research For Master's Thesis 

X90— Research For Ph.D. Dissertation 

E99— Resident In Research 


V. Requirements for M.S. and Ph.D. Degrees in Operations Research 


A. Satisfactory undergraduate background including calculus through differ- 
ential equations. 

B. Requirements for M.S. degree consist of 36 quarter credit hours of graduate 
level work including 6-9 hours of thesis in Operations Research. Course content 
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is variable, but will include probability theory and statistics, and at least six 
courses in Operations Research methods or techniques and advanced mathematics. 
A final examination is required for the M.S. degree. 

C. The Ph.D. program requires a minimum of 3 years (108 quarter-hours) of 
graduate level work beyond the B.S. degree. Up to 36 quarter-hours of credit 
are allowed for successful completion of a M.S. degree. The first 2 years of grad- 
uate study are normally devoted to course work in mathematics, probability and 
statistics, Operations Research methods and techniques, and related areas. A 
comprehensive examination covering major and minor areas of specialization is 
required before admission to candidacy and the initiation of the Ph.D. research. 
The thesis must be a significant contribution to existing knowledge in the field of 
Operations Research, suitable for publication, in part, in a scientific journal. 

D. Defense of thesis is required. 

Department and Faculty responsible for recommending these degrees: Ad- 
vanced degrees in Operations Research are conferred by the Graduate School on 
the recommendation of a committee consisting of one or more of the previously 
mentioned faculty or on recommendation of the Department of Industrial Engineer- 
ing and Management Sciences. 

A degree in applied mathematics and systems analysis area is also conferred by 
the Department of Engineering Science with specifically similar requirements. 
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News and Announcements 


MILITARY OPERATIONS RESEARCH SYMPOSIA (MORS) 


(Ed. Note: The following information was abstracted from “The Role of The Military 
Operations Research Symposia (MORS) in the Operations Research Community,” 
a paper delivered at the 24th National Meeting of ORSA, Seattle, November 7-8, 1968, 
by M. С. Yovirs, Office of Naval Research, Executive Director, MORS. The joint 
author was М. М. Снлѕв, Combat Operations Research Group; Member, Executive 
Council, MORS.) 


Purpose 


An estimated 5,000 full-time professional scientists work exclusively in military 
operations research at an estimated D.O.D. expense of $160 million annually. 
These figures compare to an estimated 1,800 industrial OR workers, a ratio of three 
military OR workers to one industrial OR specialist. But, two-thirds of the 
military operations research workers do not identify with an operations research 
society, nor do they submit their work to the appropriate journals and meetings 
for review. 

This is because 75-80% of the reports in military operations research are classi- 
fied. And, although many of these classified documents could be presented in 
allegorical form independently of the military classification problem, the really 
exciting studies cannot. In addition, many of the problems that could be declassi- 
fied might very well be of little or no scientific or mathematical interest as such— 
even though they are of the greatest interest to the military and should be discussed 
fully by the military operations research community. 

So, the purpose behind the development of military operations research symposia 
із to provide a forum to allow people engaged in classified research to discuss the 
activities in which they are interested. Such forums provide an interchange of 
ideas, prevent duplication of effort, provide the judgment and motivation of scien- 
tific peers, allow for the participation of the operational users—the military officers 
—and foster the development of students of military operations research. 


History 


To this end, the first Military Operations Research Symposium, with 88 partici- 
pants, was held on “Air Defense” in August, 1951, under the sponsorship of the 
ONR Branch Office in Pasadena. The value of such gatherings was immediately 
recognized, and the Symposia were continued thereafter, first on a regional basis 
on the West Coast and then nationally. Attendance at recent Symposia has 
averaged 400, and to date twelve MORS have been held, with two planned for the 
near future: 

1. Air Defense 
2. Methodology 
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Antisubmarine Warfare 
Combat Control, ASW, and Weapon System Costing 
ASW, Ballistic Missile Threat, Tactical Analysis, and Weapon System Costirg 
Human Factors and Man-Machine Studies, War Gaming, and Implications 
of Nuclear Weapons on Military Operations 
7. Command and Control, Tactical Analysis, Reliability, Space and Military 
Operations 
8. War Models and Combat Operations 
9. Weapon and Support Systems 
10. Command and Control 
11. Limited War 
12. Air Defense 
18. Effectiveness of Conventional Weapons 
14. Operational Data 
Each Symposium consists of several invited papers on the theme of the meeting 
and a number of contributed papers. In addition there are a number of working 
groups, which meet concurrently. The working groups generally continue from 
Symposium to Symposium with about a 50% overlap of 10-20 members. At 
present working groups are held on the following subjects. 
Antisubmarine Warfare 
Arms Control and Disarmament 
Command and Control 
Human Factors 
Limited War Research 
Logistics 
Education in Operations Research for Military Personnel 
War Gaming 
National Security Planning 
Strategic Intelligence 
In September 1962 MORS was taken over by the Office of Naval Research in 
Washington, D.C., in particular, by the Naval Analysis Group, of which Dr. М. С. 
Yovits is the Director. From 1957 to 1960 MORS was under Dn. CHARLES OE 
Prima’s chairmanship, and from May 1960 to September 1962 under Dr. JANES 
Е. Garvey. The first MORS sponsored by ONR Washington was the eleventh, 
held in April, 1963. 
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Administrative Organization 


The specific guidance for the operation of MORS with regard to program, plan- 
ning, etc., comes from an Executive Committee of 25 members of major reputat.on 
representing the spectrum of military operations research for all services. “he 
members of the Executive Committee rotate, roughly 1 giving up their membership 
and being replaced by vote of the existing Executive Committee each year. Т тиз 
the Committee is a self-perpetuating body. The members of the Executive Com- 
mittee currently are: 

Dr. Сымтом J. ANcKER (SDC) 
Dr. Howarp М. Bercer (I/DA/WSEG) 
Mr. Martin М. СназЕ (Tech/Ops., CORG) 
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Dr. Grover 8. ConnapnAy (NOTS /China Lake) 
Mr. Haroro Davis (ACDA/W EC) 
Dr. Murray А. Сиген (RAND) 
Mr. George E. Gomer (RAND) 
CAPTAIN Preas E. GREENLEE, USN (ACDA) 
Pror. Dantet HowraNp (Ohio State U.) 
Mr. Ervin Karos (ОС) 
Mr. Lewis A. влке (PME) 
Мв. Еверевтск Н. Гомо (NMC/Pi Mugu) 
Mr. Ковевт J. Мплвв (NOL/White Oak) 
Mr. нм H. Moss (RAC) 
Mr. Уипллдм J. NEMEREVER (Boeing) 
Mr. Автнов W. Pennineton (БЕС) 
Mr. Мутжє Өнк®нү (NEL) 
Dr. H. Wauiace Swaro (ІРА) 
Mr. Автнов STEIN (CAL) 
Dr. нм К. Sterrerr (NORAD) 
Mr. Beraren В. Suypam (IDA/WSEG) 
Mr. Crayton J. Tuomas (AFCOA) 
Dr. Maragws С. WappELL (APL/JHU) 
Dr. CARROLL L. ZIMMERMAN (Douglas) 
Dr. Мавянам, C. Yovits, Executive Director 
Mr. Vance R. Wanner, Executive Secretary 
Dr. Murray Gerster of RAND is currently Chairman of the Executive Com- 
mittee. 
The nucleus of the Executive Committee is the Executive Council, made up of 
the Chairman, two other members and the Executive Director, ex-officio. 
The actual detailed administration of MORS is accomplished by a Secretariat 
headed by Мв. Vance R. Wanner who is known as the Executive Secretary. The 
Executive Secretary reports to the Executive Director. 


MORS Proceedings 


A Proceedings is normally published after each Symposium, which is classified 
Secret. The Proceedings are automatically given to the facility of each attendee 
as part of the registration fee. Procedures are available by which any facility 
desiring additional copies and satisfying the security and need to know require- 
ments may do so. 

These Proceedings provide an effective way in which military operations analysts 
can achieve reasonably wide publication in the classified field. There is a selection 
and editorial process by the Program Committee that goes into those papers ac- 
cepted. The quality of the Proceedings is constantly improving. 


Registration 


Anyone is eligible to attend MORS who has the proper security clearance (gen- 
erally Secret) and who has the need to know. This is now being interpreted as 
working on some Department of Defense operations research contract classified 
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at least Secret. Anyone satisfying these criteria who has an interest in MORS 
and is not already on this list, will be put on the distribution list for information 
concerning future meetings and proceedings and calls for papers by sending his 
address to: Military Operations Research Symposia, Old Розі Office Building, 12th 
and Pennsylvania Avenue, N.W., Washington 25, D. С. 

However, in the interest of keeping the meeting to a manageable size and to 
maintain a proper balance of attendees the Program Committee and ONR will 
generally select from among those who desire to attend any particular Symposium. 
Our general interest is to limit the size of each meeting to a maximum of 350-400 
attendees. 

It is planned at this time to have two Symposia each year, one in the Spring 
in the East, and one in the Fall in the West. The 13th MORS will be held the 
last week in April 1964 at the Industrial College of the Armed Forces in Washington, 
D. C. on the subject of The Effectiveness of Conventional Weapons. The 14th MORS 
will be held in October of 1964, somewhere in the Western part of the United States, 
on the general theme of Operational Data and their use in operations research 
studies. 


THE INTERNATIONAL FEDERATION OF OPERATIONAL 
RESEARCH SOCIETIES 


According to a recent communication from the Secretery of the Federation, 
Philip M. Morse, the following actions have now been officially ratified: 

ө The Foster Society for the 1965-67 triennium will be the Société Française 
de Recherche Opérationnelle (SoFRO), and the officers of the Federation for this 
period will be Marcet Borreox, Secretary, CHARLES SALZMANN, Deputy Secretary, 
and HENRI LAVAILL, Treasurer. 

ө The Swiss and Spanish national operations research societies have been ap- 
proved for admission as members of IFORS: Schweizerische Vereinigung für 
Operations Research (SVOR), and Sociedad Española de Investigacion Operativa 
(SEIO). 

ө ORSA will be Host Society for the Fourth International Conference on Opera- 
tional Research in 1966. 

ө Application by IFORS for Category C affiliation with the United Nations 
Education, Scientific, and Cultural Organization (UNESCO): This status obli- 
gates IFORS to keep the Secretary General informed of its activities, and to m- 
form its members of relevant UNESCO activities. 

The Program Committee for the 1966 conference has the following membership: 

Martin Г. Ernst (US), Chairman 

Ат®с М. Les (Canada), Deputy Chairman 
Jacques ВАВЕАСНЕ (France) 

СтозЕРРЕ Ромрпу (Italy) 

Kristen Мувллво (Norway) 

Н. Р. Кома (Switzerland) 

WinutAM S. JEwELL (US) 

К. D. Тоснев (UK) 
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Grorce В. Murray, Jr. (US) will act as the committee’s Executive Secretary, 
and three Corresponding Members have been appointed: 

Уутилам B. Кеммеру (Australia) 

'TakEHIKO MATSUDA (Japan) 

R. S. Varma (India) 

An ORSA site-selection committee consisting of Lesum C. Ере, GeonaE В, 
Morray, JR., and Davin А. KarcugR, Chairman, has recommended that the 
meeting be held during the last half of August at the Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 

Hues J. Miser 
IFORS Representative 


OPERATIONAL RESEARCH AND THE SOCIAL SCIENCES 


The Operational Research Society of the United Kingdom, with the joint spon- 
sorship of the International Federation of Operational Research Societies, will hold 
an International Conference on Operational Research and the Social Sciences at Gon- 
ville and Caius College, Cambridge, England, September 14-18, 1964. There 
will be sessions on organization and control, the social effects of policies and their 
measurement, conflict resolution and control, and the systems concept as а com- 
mon frame of reference. 

The fee for the conference, including full board and lodging, will be in the neigh- 
borhood of £40. Further information on the conference and registration for it 
may be obtained from Mrs. MARGARET KINNAIRD, Secretary, Operational Research 
Society, 64 Cannon Street, London Е.С.4, England. 


WASHINGTON OPERATIONS RESEARCH COUNCIL (WORC) 


This group held a Second War Gaming Symposium, March 16-17, 1964, at The 
International Inn, Washington, D. C., which was planned to be of special interest 
to the scientist and military person not an expert in the field of war gaming or 
simulation. The meeting was unclassified. In addition to a number of invited 
papers, there was a panel discussion by users of games and simulations, with ROBERT 
F. Метев, Johns Hopkins University, Moderator. A Proceedings will be published 
containing complete papers: Murray Greyson, Minneapolis-Honeywell, 1701 
Pennsylvania Ave., N.W., Washington, D. C., Editor. 

The January Meeting ої WORC heard Конт Erseman discuss “A Generalized 
Stepping-Stone Solution to the Generalized Transportation Problem and Standard 
Computer Program," and in February, Dave Hertz delivered a paper on “Risk 
Analysis for Investment Planning." The special topie for the March meeting was 
“OR in Developing а Novel Mechanized Letter Sorting System." Венмавр M. 
Levin, ARTHUR E. NEWMAN, ALAN GOLDMAN, and Риплр Мехев8 of the National 
Bureau of Standards, and Вовевт Мпляв of the OR Group, U. S. Post Office 
Department participated in а panel discussion of the problem. 

The WORC Newsletter is published regularly for members. Jonn G. Нома, 
Minneapolis-Honeywell, is Editor. 
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INTERNATIONAL SYMPOSIUM ON MATHEMATICAL 
PROGRAMMING 


This Symposium will be held at the London School of Economics, July 6-10, 
1964, and is sponsored by the Royal Statistical Society, the Operational Research 
Society, the British Computer Society, the Institute of Management Sciences and the 
Association for Computing Machinery. Both theoretical and practical aspects will 
be covered. The papers will be in English or French. Мо proceedings will ba 
published. Fer further details: Mns. М. Kinnarrp, Secretary, Operational Research 
Society, 64 Cannon Street, London E.C. 4., to whom applications for tickets 
should also be made. Attention is drawn to the fact that this Symposium coincides 
with the City of London Festival and it would therefore be wise to make early 
hotel bookings. 


OPERATIONAL RESEARCH SOCIETY OF INDIA 


The Indian Society is proposing to bring out a quarterly publication entitled 
OPSEARCH. Subscriptions for the journal is $5, and for members of fraternal 
operations research societies, $4 (25 and 20 Sh. respectively). Further information 
regarding this publication may be obtained from A. Rauman, Secretary, Operational 
Research Society of India, c/o CSIR, Rafi Marg, New Delhi. Other officers of this 
society are: МАЈ. GEN. В. D. Kapur, President; Pror. В. S. Varma, and Јлалт 
Sınan, Vice Presidents; А. RanMAN and Dr. 5. К. Gupta, Secretaries, and BALDEV 
имен, Treasurer. 


HUNGARIAN BUILDING GROUP 


Dr. Ivan KÁDÁR, Director, has announced the formation of a Bureau for Compu- 
lation and Mechanization of Building Administration, Vaczi-ui 4, Budapest, Hungary. 
The Bureau publishes a journal in English and other languages, and ‘13 financed 
mainly by the funds of the Ministry of Building Industry. The Bureau also per- 
forms services for other building enterprises and research institutes at a fixed tarif. 
GORDON SHELLARD, Secretary of ORSA, has arranged for an exchange of publications 
with this group. : 


PURDUE OPTIMIZATION COURSE 


'The fifth annual short course in Mathematical Techniques of Optimization will be 
held during the ten-day period June 1-June 11, 1964. Staff includes PROFESSORS 
Leonard Berkowitz and MaRcEL Nuuts, both of Purdue, and Dr. Агвевт MA- 
DANSKY of the University of California and the RAND Corporation, Santa Monica. 
Eligibihty limited to those who have had calculus, differential equations, and at 
least one course in statistics. For details: PRorEssoR Pau. Н. Raxporrz, Division 
of Mathematical Sciences, Purdue University, Lafayette, Indiana, who 13 course direc- 
tor. 


NORTHWESTERN SUMMER TRANSPORTATION INSTITUTE 


The Second Annual Summer Institute in Transportation for undergraduates and 
for executive and technical personnel will be held at Northwestern University, 
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Evanston, Illinois, June 22-August 25, 1964. Enrollment in the eight-week 
program is open to those who have three years of college credits, or the equivalent. 
Full-time participants will select three of six credit courses offered, plus the required 
non-credit Seminar in Transportation. Several field trips are included. Tuition 
for full-time is $468, with a few Fellowships providing for tuition, room and board 
available to qualified students. For more information: James 81088, Assistant 
Director of Education, The Transportation Center at Northwestern University, 1818 
Hinman Ave., Evanston, Illinois, 60204. 


UNIVERSITY OF MICHIGAN SUMMER CONFERENCES 


Each summer the College of Engineering of the University of Michigan offers a 
series of intensive non-credit courses especially designed for practicing engineers 
and scientists in rapidly developing fields of technology. Thirty-one such courses 
will be offered during the summer of 1964. 

Two courses are especially designed for operations researh personnel: 1. Founda- 
tions and Tools for Operations Research and the Management Sciences, August 10-21, 
1964 (ten class days) Fee; $275, W. ALLEN Spivey and Новквт М. THRALL, 
Co-Chairmen. Lecturers: М. І. Ваммзкт, S. Сотовева, Н. О. Harrier, and 
P. Wore. Although facility in calculus is not assumed in this session, the course 
is designed for persons whose bachelor’s degree program included a year of calculus. 
2. Recent Mathematical Advances in Operations Research, August 10-21, 1964 (ten 
class days) Fee, $275, EuaENE Г. LawnER and Grorar Minty, Co-Chairmen. 
Lecturers: М. L. Ваммект, К. BELLMAN, Р. C. Опмове, Н. О. Harter, G. L. 
Тномрзом, R. M. Тнвліг, Р. Worrz, and others. For а complete catalogue de- 
scribing these courses and others that may be of interest, write Conference Secretary, 
Engineering Summer Conferences, West Engineering Building, The University of 
Michigan, Ann Arbor, Michigan, or telephone Area Code 313, 663-1511, extension 
3562. 


M. I. T. SUMMER COURSE 


The Massachusetts Institute of Technology announces a two-weeks course en- 
titled Probabilistic Methods in the Control of Operations to be given August 31 
through September 11, 1964 for interested and qualified persons. The course will 
be under the direction of PRorEsson Сова Р. WApswonTH, assisted by М. І. T. 
faculty and staff of the M. I. T. Operations Research Center. Detailed informa- 
tion may be obtained by writing the Summer Session Office, Massachusetts Institute 
of Technology, Cambridge, Massachusetts, 02189. 


BALLISTIC MISSILE AND SPACE TECHNOLOGY SYMPOSIUM 


The Ninth Symposium on Ballistic Missile and Space Technology, sponsored by 
the Space Systems Division, Ballistic Systems Division, Air Force Systems Com- 
mand, will be held August 12-14, 1964 at The U. S. Naval Training Center, San 
Diego 38, California. Attendance at the Symposium will require a final Secret 
clearance. For registration and program details, write Aerospace Corporation, 
Attention: 1964 Symposium Chairman, Р. О. Box 95085, Los Angeles, California, 
90045. 
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TIMS-ORSA COMBINED MEETING (MINNEAPOLIS) 


“The Role of Operations Research/Management Sciences in National Progress" 
is the topic of the combined meeting of TIMS-ORSA in Minneapolis, Minnesota, 
October 7-9, 1964. The plan is to introduce a number of review papers, as well as 
those on special topics. Abstracts for contributed papers should be submitted by 
June 1, 1964, to the Chairman for Contributed Papers, Dr. Совром В. Davis, 
School of Business Administration, University of Minnesota, Minneapolis, Minnesota, 
55455. 


SAN FRANCISCO MEETING OF TIMS (1965) 


The 1965 Meeting of the Institute of Management Sciences will be held February 
3-5, 1965, at the Jack Tar Hotel, San Francisco. The Meeting Officers are: General 
Chairman, Ernest KozgNIGsBERG, CEIR, Ine., Program Chairman, Pror. DANIEL 
TzrcBRoEW, Stanford University; Arrangements Chairman, BERTRAM RIFAS, 
P.LE., Inc, Oakland. Abstracts of contributed papers should be forwarded to 
Proressor 'TErcHRoEW, Graduate School of Business Administration, Stanford 
University, Stanford, California. 


JOURNAL OF APPLIED PROBABILITY 


The Applied Probability Trust, in association with the London Mathematical 
Society, is to publish a new international journal devoted to the applications of 
Probability Theory to the biological, physical, social and technological sciences. 
The Journal will be issued in two half-yearly numbers forming a volume of about 
300 pages рег annum, starting in May-June, 1964. It will include 1) review papers 
surveying a field of Applied Probability; 2) research papers; and 3) short communi- 
cations. 

Subscriptions for the annual volume of the journal are:—For libraries and institu- 
tions: $12, for individuals belonging to a recognised scientific society: $8. Further 
information can be obtained from the Editor-in-Chief, Dn. J. Gant, Department of 
Statistics, The Australian National University, P. О. Вох 4, Canberra, Australia. 


MIT MARKETING COURSE 


A one week special program on Operations Research in Marketing wil be held 
September 8-12, 1964 at the Massachusetts Institute of Technology. Topics io 
be covered will include stochastic marketing models, design of marketing ехреті- 
ments, the simulation of complex marketing processes, and statistical decision 
theory. The staff for the program will be PRorzssons Jonn D. С. Lirriz, RONALD 
А. Howard, Авмого Е. Amsrutz, Henry J. Craycamp, and Dr. Jerome D. 
Hermer. Further information about the program can be obtained from the 
Director of the Summer Session, Room 7-103. Massachusetts institute of Technology, 
Cambridge 39, Massachusetts. 


PERSONALS 


Dr. Harry I. Ansorr has been named Professor of Industrial Administration, 
Carnegie Tech. Pror. Амовклу S. Scauurz, JR., has been named acting dean of 
the College of Engineering, Cornell. Epwarp Leysan has been appointed Direc- 
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tor of the Information Systems Division, Herner and Company, Washington, D. C. 
Gorvon J. Своок has been promoted to operations research officer, Chase Man- 
hattan Bank. Froyp Нил, has been appointed head of the Washington Project 
Department, Cornell Aeronautical Laboratory, Inc. Твутма Oscar has joined 
the Research and Analysis Division of Booz, Allen Applied Research Inc. Dr. 
Lester В. Forp has joined the Defense Research Corporation of Santa Barbara, 
California, as Director of the Mathematics Group. Dr. Сковак Н. Мпах has 
been appointed as vice president of the Travelers Research Center, Hartford, 
Connecticut. REINE A. MERIKALLIO has been transferred to the Communications 
Systems Department of the IBM Federal Systems Division in Bethesda, Maryland, 
то charge of scientific and simulation programming. Dr. RICHARD A. CONNEL 
has been named senior physicist, and Joan E. Ноѕғовр has been named associate 
operations analyst, Midwest Research Institute, Kansas City. Dr. E. LEONARD 
ARNOFF and KENNETH S. CALDWELL have been appointed principals, Ernst & 
Ernst Norman E. COTTRELL has been named Director of Marketing, Ernest E. 
Blanch & Associates, Inc., Kensington, Maryland. Epwanp А. Вилен has joined 
the Operations Research Group of А. D. Little, Inc., Cambridge. Ромато Y. 
Barrer is head of the Operations Analysis Department, Aerospace Corporation, 
and Вовевт M. Carste has been appointed to the technical staff of the systems 
analysis and evaluation section. Patrick J. ROBINSON is Associate Director ої 
Research of the Marketing Science Institute, Philadelphia, Pennsylvania. JEAN 
G. Тлхтов has joined the professional staff of the Institute for Defense Analysis, 
Washington, D. C., and ALFRED BLuMsTEIN is on leave as visiting associate pro- 
fessor at Cornell University for the 1963-4 academic year. 

The following have been reported as joining the organizations listed below: 

Center for Naval Analysis: Lester К. ARQUETTE, JR., Ropert М. Narxin, 
Davin B. Newman, Уипллдм Н. Woop, JR., Dr. H. Кемметн Gayer, W. DONALD 
WEIR. 

Operations Research Incorporated: Luo J. FITZGERALD, ROBERT С. FERBER, 
CanL M. Kocs, Daniek D. Seear, Міснакі, W. Purscak, Віснаво H. SCHNELL, 
ALAN О. Mann, J. Trevor Мс[хтүн®, DANIEL Burr Jones, P. Craig BOGLEY, 
MARVIN С. GECHMAN, GEORGE G. BEEKER, JR., JosL E. TUMARKIN. 

Research Analysis Corporation: Івомадвр W. SrEARNs, RoserT E. Роан, 
Вовевт A. CHARRON, Ов. Вокоє С. Line, Dr. Joan W. BnACKETT, ARNOLD J. 
MELTSNER, J. K. HART, JOHN J. SunMEIER, ЭТЕРНЕМ B. Forman, MICHAEL 8. 
Morais, Brie. Gen. Вовевт H. Упаламз (USMC Ret.), Ов. Свовск K. Снаско, 
Lr. Cor. WILBUR O. MILLER, Jr, (USA Ret.), Атвевт М. Borroms, WILLIAM 
CONNERAT, FLETCHER BARTHOLOMEW. FRED №. У огсотт has been elected Vice 
President for Operations, and Hues M. Cou Vice President for Operations Analy- 
sis at ВАС. 

Gren E. GHORMLEY, management scientist, passed away in his sleep, October 
19, 1963, in Los Angeles, where he resided at 5023 Oaknoll Avenue. 

Dr. Lynn Hamitron Roumvaveu, 60, long а senior staff member and research 
director at the Research Analysis Corp. (RAC), the former Operations Research 
Office of the Johns Hopkins University, died March 11, at his home in Bethesda, 
Maryland. 


Operations Research and IDA 





Washington is the decision-making center of the free 
world. In that center, IDA functions as a scientific adviser 
to the Joint Chiefs of Staff and the Director of Defense 
Research and Engineering as well as other key offices in 
the Pentagon. The operations research activities of our 
organization are centered in the Weapons Systems Evalu- 
ation Division, but extend also to the Research and Engi- 
neering Support Division and the Economic and Political 
Studies Division. In seeking optimum solutions we ad- 
dress ourselves not only to the technical performance of 
competitive weapons systems, but also to their political 
and economic implications, the strategy they would per- 
mit or demand, logistics problems in their use, feasibility, 
and probable lifetime. ж In a world in which the com- 
plexities and exigencies of our nation’s defense and foreign 
policy continue to increase and grow more critical, IDA's 
programs must also continue to expand. We invite 
qualified operations research analysts, scientists and en- 
gineers to investigate both short term (two to three years) 
and permanent appointments. Respondents should possess 
an advanced degree, and those valuable intangibles called 
‘creativity’ and ‘originality’ Жж A career at IDA can 
present a challenge of satisfying proportions and provide 
a reward of substance. Write us; we may well have mutual 
interests. Жж Institute for Defense Analyses, 1666 Con- 
necticut Avenue, N.W., Washington 9, D. C. 

An equal opportunity employer. 
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California Institute 
of Technology 


Case Institute 
of Technology 


University of Chicago 
Columbia University 
University of Illinois 


Massachusetts Institute 
of Technology 


University of Michigan 


Pennsylvania State 
University 


Princeton University 
Stanford University 
Tulane University 


А MESSAGE TO 


Seid HIS 
AND 


ENGINEERS 


I am addressing this message to scientists, 
engineers, and analysts who would like to be 
associated with one of the country's leaders in 
operations research, systems analysis, and 
computer programming. TECH/OPS undertook 
its first O. R. program ten years ago. Since 
that time we have completed over two hun- 
dred research programs in weapons effects, 
communications, war gaming, logisties, field 
experimentation, command and control sys- 
tems, cost-effectiveness, meteorology, and 
other fields too numerous to mention. 


At the present time over half the effort of the 
Company is in the system and operations re- 
search sciences. Research offices are maintained 
at Fort Belvoir, Virginia; Washington, D. C.; 
Fort Monroe, Virginia; Fort Benning, Georgia; 
Burlington, Massachusetts; and Fort Lee, Va. 


1964 promises to be a rapidly expanding year 
in О. В. for TECH/OPs. Positions are available 
at all TEcH/OPS locations. Among them are 
several managerial opportunities. I would like 
to extend a cordial invitation to readers of 
JORSA to meet with our staff to review our 
present programs, our plans for the future, and 
—most important—to learn how a position at 
TECH/OPS can contribute to your professional 
growth in the system science field. A few of 
our openings are described on the facing page. 


ath LE `W. MEALS 
Vice President—System Sciences 










POSITIONS Located at Fort Belvoir, Virginia (near Wash- 


ington, D. C.) with field offices at Fort Benning, 

AVAILABLE IN Georgia, and Fort Lee, Virginia, CORG. pro- 

vides scientific studies to assist senior Army 

Т 0 planners in determining how the Army of the 

ECH / PS Future will be organized and equipped, and 
how it will fight. 

SYSTEM À number of staff appointments are available 

for operations research oriented scientists with 

SCI ENC ES backgrounds in the physical or behavioral 

sciences and relevant practical experience. 

у Although most of these positions require ad- 

| 0 M S | () М vanced degrees and several years of experience, 

there are openings for well-qualified individuals 


at all levels. 
Inquiries for CORG should be directed to: 


Mr. Martin N. Chase, Director 
Combat Operations Research Group 
Р. О. Вох 116 Fort Belvoir, Virginia. 



























Located in Georgetown section of Washington, 
TECH/Ops’ the Washington Research Center 
is presently providing scientifie support for 
military operations. Among WRC's projects 
are the computerized simulation of global and 
limited warfare and the responsibility for pro- 
gramming 473L —a large-scale command and 
control system for Headquarters, Air Force. 
Several senior and intermediate positions are 
available for scientists with backgrounds in 
military operations researeh or experience in 
programming of large-scale systems. 
Inquiries for WRC should be directed to: 
Mr. Fred Howells, Director 

Washington Research Center 

8600 M Street, М. W. Washington 7, D. C. 





















WASHINGTON 
RESEARCH CENTER 















The Technical Researeh Advisory Group 
(TRAG), located at historie Fort Monroe, Vir- 
ginia, is seeking qualified systems analysts and 
computer programmers to develop a large-scale 
computer system. А minimum of two years' 
experience in the design of large-scale comput- 
er systems and one year's experience in pro- 
gramming medium and large-scale eomputer 
Systems are required, 

Inquiries for TRAG should be directed to: 


Dr. Richard Powers, Director 
TRAG Box 37 Fort Monroe, Virginia 


[TECHNICAL OPERATIONS Research <> 


an equal opportunity employer | 




















SPRINGER-VERLAG 


Berlin -Göttingen Heidelberg 


Monographs on Operations Research 


Edited by M. Beckmann, A. Jaeger, М. Krelle, Н. P. Künzi, К. Wenke, Ph. 


Wolfe 


Managing Editors W. Krelle, Н. P. Künzi 


Published 1962: 


Leaflet on request! 


Vol. I: Nichtlineare Programmierung 


By Hans Paul Künzi, Professor an der Universitát Zürich and 
Wilhelm Krelle, Professor an der Universitit Bonn 
With Cooperation by Werner Oettli, Zürich 


With 18 figures. XVI, 221 pages (in German) 8vo. 1962 Cloth 
$9,50 


In preparation 
Anlageinvestitionen. Von H. Albach.— 
Dynamische Programmierung. Von M. Beckmann. — 


Lineare Programmierung und Verallgemeinerungen. Von С. B. 
Dantzig.— 


Übersetzt von A. Jaeger.— 


Unternehmensforschung im Bergbau. Von G. Dorstewitz und L. 
Wilke.— 


Stochastic Processes. Par М. Girault.— 

Warteschlangentheorie. Von R. Непп— 

Verkehr in Netzwerken. Von W. Knódel.— 

Programmation Linéaire (cas discrètes et mixtes). Par Е. Lambert.— 
Operations Research in the Oil Industry. By W, Leutert.— 


"Theorie statistischer Entscheidungen. Von G. Menges und M. 
Rutsch.— 


Modelle der Produktions- und Lagerplanung. Von W. Popp.— 


Algèbre moderne et la théorie des graphes (élémentes théoriques et 
applications économiques). Par B. Roy.— 


Reliability in Weapon Systems. By Ch. Salzmann.— 
Produktions- und Kostentheorie. Von W. Wittmann.— 


Anwendung der Unternehmensforschung im Versicherungswesen. 
Von К. H. Wolff.— 


Wahrscheinlichkeitsrechnung ftir den Unternehmensforscher. Von 
F. Weinberg.— 
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Diversity 

in Achievement: 
FEASIBILITY 
ANALYSIS 





When operating at the frontier of scientifie and engineering investigation the 
question of feasibility (in both a technical and cost sense) is primary. Booz • 
Allen Applied Research is thus frequently called upon by government, industry, 
bad the armed services to conduct feasibility analyses involving one or more areas of staff 
competence. These fields include physics, mathematics, operations research, computer teth- 
ology, meteorology, multiple engineering disciplines, and others. 

Recent assignments in feasibility analysis have involved such diverse areas as the air 
launching of spacecraft from modified B-58 bofnbers, advanced satellite systems, R&D men- 
agement communications, ground effect machines, and cryogenic components of rocket pro- 
pellant systems. Both studies and experimentation have been involved. 
| - Buecess in conducting pioneering, complex, and diverse feasibility studies has generated 
& challenging opportunity for scientists and engineers in our organization in almost every 
field of specialization. If a promising professional career in this area appeals to you, we have 
i ome outstanding appointments in the Washington, D. C. area. Write Mr. Robert Fliat, 
Director of Professional Appointments. 


BOOZ + ALLEN APPLIED RESEARCH inc. 


4815 Rugby Avenue, Bethesda, Maryland 20014 e An equal opportunity employer 
‘WASHINGTON, D. C. е CLEVELAND € CHICAGO 
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DETECTION 
STRATEGY 


Problem: Ап enemy equips inno- 
cent-looking merchant ships with 
nuclear-armed rockets and stations 
them at off-shore launch positions, 
preparing for a coordinated attack 
on the United States. What system 
can detect such a move in time to 
take action yet does not create in- 
tolerable numbers of false alarms? 


This is an example of the challeng- 
ing tasks assigned to the Center for 
Naval Analyses of The Franklin 
Institute. 


In examining this threat, CNA 
analysts evaluated the relative соп- 
tributions of patrol reports, intelli- 
gence sources, and other alarm 
system components. Their report 
showed the various degrees of de- 
tection sensitivity which could be 
attained, and the likelihood of false 
alarms, with alternative systems. 
It also suggested guide lines for 
further work. 


CAREER OPPORTUNITIES with CNA 
are now available for Operations 
Analysts, Mathematicians, Physi- 
cists, and Engineers. For additional 
information, write: 


Director 

CENTER FOR NAVAL ANALYSES 
Dept.RSB 

1710 H St, N.W., Washington, D.C. 


СМА |. 


CENTER FOR NAVAL ANALYSES 
OF THE FRANKLIN INSTITUTE 


OEG * OPERATIONS EVALUATION GROUP 
INS * INSTITUTE OF NAVAL STUDIES 
NAVWAG + NAVAL WARFARE ANALYSIS GROUP 


Ал equal opportunity employer 
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For Advanced 
Planning 

which Maximizes 
the Consequences 
of Embryonic 
Technologies... 


Xerox Corporation, at 
Rochester, New York, 
needs a mature specialist 
in Operation Research, 
with an advanced degree in 
physics, chemistry, or 
engineering. Work will 
involve analysis and 
evaluation of product 
possibilities requiring 
considerable appreciation 
for the technical factors 
involved, The assignment 
shall be—the man must be 
—unusual. 


For further information, 
contact our Scientific 
Director, Dr. Harold Clark 
at the Queen Elizabeth 
Hotel, Montreal, Que., 
between 8-10 A.M. and 
3-5 P. M. on May 27, 28, 

or 29. If unable to talk with 
Dr. Clark on any of these 
days, please forward your 
resume and salary history 
in confidence to- 

Mr. Lee B, Sundsted, 
Xerox Corporation, 

Dept. JOR-3-4, 

P.O. Box 1540, 

Rochester 3, New York. 


XEROX 


ал equal opportunity employer 








Open House 
for Creative Minds 


Completion of RAC's new research center 
holds important meaning for the organiza- 
tion itself and for the experienced scientist 
or engineer seeking a home for his talents 
and room to grow personally and profession- 
ally. 

The research center was specifically de- 
signed to stimulate the creative intellect and 
encourage interplay of ideas among ВАС 
topili ht professional staff. The new buil d 
ing a also gives RAC the additional space 
demanded by our rapidly increasing respon- 
sibilities. 

ВАС’ work is scientific problem-solving 
оп а global scale. We apply operations re- 
search and systems engineering techniques 
go the study and solution of major military 
problems and related technical, political, 
and economic questions . . . with European 





and Southeast Asia offices to supplement 
our efforts in this country. ВАС» growth 
has created permanent career opportunit 
of great potential for men and women у 
hold advanced degrees in mathematics, sta- 
tistics, a physical science, economics, ог 
engineering. А particularly urgent need ex- 
ists for ЗУ stems e 3gineers. 

Problem- solving. at RAC is vital, chal- 
lenging work . . . with compensation that 
is fully equal to the importance of your 
assignments. For further information, please 
send your resume to Mr. John C. Burke, 
Professional Staffing, Research Analysis 
Corporation, McLean, Virginia p en- 
tial suburb of Washington, D со. 
Ап equal opportunity 
employer. 











Research Analysis Corporation 








Ч ъ р on 505 К б 
< What's in a name? л маны, here in Southern Cati- 
“fornia. we're called the OPERATIONS CONTROL GROUP which means we per- 
form research and analysis of operations management problems. But because our 
rate of expansion has been so phenomenal we've found it pretty hard to give pre- 
cise name or title to the various phases of our work. For instance, as a member 
of the Operations Control Group, you'll be working on such problems as Optimal 
Location of Facilities, Allocation of Manpower Resources and Inventory 
Management. But that's just à sample. For the work is varied .. . the chal- 
lenges. are numerous... the opportunity to carve a career is superb. And we need 
help.. At both junior and intermediate levels. From qualified men with at least 
BSIE or related-field degrees pius some advanced math and/or statistical back- 
ground. In return, we offer good starting salaries, frequent job review, compre- 
hensive fringe benefits (including opportunity to participate in profit sharing) and 
above ail, a stimulating atmosphere in which to work.* (Contact in confidence) 
Bill Speich, Dept. OR 
Mattel, Inc. 


5150 Rosecrans 
Hawthorne, Calif. 




















*Mattel was recently voted the Outstanding Growth Company by 
the National Association of Investment Clubs. We've grown to be 
the leader in our field (increasing sales from 14 to 80 million dollars 
in just 5 years) changing the toy industry into a dynamic, scientif- 
ically based business requiring the very latest engineering and man- 
agement skills to keep shead. And we mean to keep ahead. 


mattel TOYMAKERS 















Rates for 


OPERATIONS RESEARCH 


The Journal of the Operations Research 
Society of America 


ско ско OAD 


Nonmember subscription, 


including the BULLETIN............. $10.00 per volume 
Outside U.S., and Сапада................... 7.50 per volume 
Back issues of Vols. 4 & 5................... 7.50 per volume 
Back issues of Vols. 6 & 7................... 9.00 per volume 
Back issues of Vols. 8 &9.................. 10.00 per volume 
Single issues, though 1959................... 1.50 each 
Single issues, starting 1960.................. .2.00 each 
BULLETIN... Ley eee BRE 0.75 each 


Please mail orders, with remittance, to: 


Mr. Norvell E. Miller ПІ, Business Manager 
Mount Royal and Guilford Avenues 
Baltimore, Maryland, 21202 
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Ла ВИМОВИ Урба 


Below are some of the positions we are being asked to fill. Complete details of 
these and many others are available on request. All inquiries are treated confi- 
dentially. All charges are assumed by company clients, 


О.В. MANAGER Industrial New York $20-30,0004 


O.R. MANAGER Consulting New York $20-30,000 4- 
‚О.В. MANAGER Mgt. Systems Washington, D. C.  $25-30,0004- 
'O.R. MANAGER Industrial Midwest $20-25,000 






INDUSTRIAL O.R. $819,000 





New York City Los Angeles Minneapolis 
New Jersey St. Louis Cleveland 
Washington, D.C. Kansas City Pittsburgh 
Philadelphia Chicago Boston . . . ete. 
a San Francisco Houston 
MILITARY O.R. $20-25,000 


Washington, D. С. 
Long Island, N. Y. 


$10-19,000 
Washington, D. C. Long Island, N. Y. 
Florida Minneapolis 
Los Ángeles St. Louis 
New York State New England ... ete. 


ALL OUR CHARGES ARE ASSUMED BY OUR EMPLOYER CLIENTS 
ALL INQUIRIES WILL BE TREATED CONFIDENTIALLY 


Please contact our office in your preferred geographic area. In the event you do mot 
have geographic limitations, any of our offices can provide national coverage. 






We will be attending the joint ORSA-CORSA 
meeting in Montreal, Canada on 


May 27-29. 









HALBRECHT ASSOCIATES, INC. 





HERBERT HALBRECHT MISS NATALIE S. LANG 
4641 Montgomery Avenue 332 South Michigan 11691 National Віма. 
Bethesda, Maryland (suburb Wash. D. C.) Chicago 4, Hlincis | Los Angeles 64, Calif. 
- НА 7-2876 478-8657 
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MANAGEMENT SCIENCE 


QUARTERLY JOURNAL OF THE INSTITUTE OF 
MANAGEMENT SCIENCES 





Make TIMS your information center for 
new ideas in the Management Sciences 





For membership and subscription information write to 


THE INSTITUTE OF MANAGEMENT SCIENCES 
Box 626 


Ann Arbor, Michigan | 














Published By 
THE INSTITUTE OF MANAGEMENT SCIENCES 


Issued initially as а series of monographs on applications ої the management sciences to 
business problems, it has now become a second journal of the Institute. 


75:5. fhe journal is intended as an important and continuing medium of communication among business 


отеп with an interest in the application of scientific methods and scientists with an interest in the 
“solution of business problems. 
With appreciation for the role that science will play in management, the Editors are endeavoring 


a present a publication of interest to those in the management field and to those who are research- 
oriented. 


EDITOR-IN-CHIEF: 
Roger R. Crane 
EDITORS: 
То$ЕРн F. BUCHAN PATRICK J. ROBINSON 
С. West CHURCHMAN ALAN J. ROWE 
Dav B. HERTZ Barry М. RowLES 
MELVIN L. HURNI DANIEL TEICHROEW 


Влүдвр E. WYNNE, SR. 


All issues of MANAGEMENT TECHNOLOGY are available at $2.00 per copy. No extra postage 
required for overseas mailings. 

Subscriptions for two issues of Volume 3 to be published in 1963—$4.00 

Index of the papers published in the first five issues available on request 


MANAGEMENT TECHNOLOGY 
BOX 626, ANN ARBOR, MICHIGAN 
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JOIN THE 
MANAGEMENT SYSTEMS LEADERS 
OF ORI 


The Management Systems Program of Op- 
erations Research Incorporated is continuing 
its rapid expansion to meet new challenges 
and responsibilities in: 

* Design / development / implementation ої 
advanced management systems providing 
control over time, costs, reliability, and lo- 
gistics 

* Data processing 

* Information retrieval 

* Economic analysis 

* Human factors planning and analysis 

Senior-level positions with exceptional poten- 

tial in these and related areas are now of- 


SENIOR-LEVEL OPPORTUNITIES 





fered to management systems design emgi- 
neers, statistical and mathematical economists, 
EDP specialists, applied mathematicians, in- 
dustrial engineers, and psychologists. These 
career openings require B.S. degrees (M.S. 
or Ph.D. preferred) with minimum of 3-5 
years’ experience, and demonstrated techni- 
cal achievement. They involve assignments 
on nationally significant projects for incus- 
try, government, and the armed forces. Pesi- 
tions are at ORI's new headquarters building 
in a residential suburb of Washington, Г.С. 
For further information, please sead a brief 
resume to Dr. Donald Orkand, Assoc. Di- 
rector for Management Systems. 


OPERATIONS RESEARCH 
INCORPORATED 


1400 Spring Street, Silver Spring, Maryland є Suburb of Washington, D.C 
An equal opportunity employer 
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Journal of 
THE AMERICAN STATISTICAL ASSOCIATION 
810 18th St., N.W., Washington, D. C. 20006 
Volume 59 March 1964 Number 305 
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AREER APPOINTMENTS 
IN OPERATIONS ANALYSIS 


The Applied Physics Laboratory of The Johns Hopkins Univer- 
sity now offers highly attractive career appointments to the 
professional staff of its Military Operations Analysis Group. 
The atmosphere within the Group is one of imagination, origi- 
nality of thought, informality and independence . . . there isa | 
minimum of formal organization. Staff members will enjoy a 
freedom to define and redefine problems and methods of solu- 
tion, working individually for the most part, in an essentially 
academic atmosphere. 


The Group receives its assignments from other divisions at APL, 
the АРІ, management and the Navy, although а considerable 
number of projects are self-generated by Group members. Cur- 
rent problem areas include anti-air warfare, Marine Corps 
tactical operations, tactical data systems, strategic weapons sys- 
tems, weapon control, radar systems analysis, and operational 
readiness. 


Respondents must have a degree in one of the physical sciences 
, and three or more years experience in a scientific or technical 
field. Creativeness should be balanced by a practical-minded atti- 
tude, and the ability to function effectively with scant supervision. 


APL’s modern facilities are located in Silver Spring, Md., a 
residential suburb of Washington, D. C., affording a choice of 
city, suburban or country living. The area is known for its high 
living standards, excellent public schools and extensive oppor- 
tunities for graduate study. 


Direct your inquiry to: Professional Staff Appointments 


The Applied Physics Laboratory - The Johns Hopkins University ' 


8681 Georgia Avenue, Silver Spring, Maryland 
(Suburb of Washington, D. C.) 


ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION FOR EMPLOYMENT 
WITHOUT REGARD TO RACE, CREED, COLOR, OR NATIONAL ORIGIN. 





OPERATIONS RESEARCH 


The Journal of the Operations Research Society of America 





INFORMATION FOR CONTRIBUTORS 


ANUSCRIPTS for publication and Letters to the Editor should be sub- 
mitted to the Editor of the Socrery, either directly or through one of the 
Associate Editors. Each MS is in general sent to two referees, and from two to 
four months are ordinarily required for this refereeing process. If a paper is sub- 
mitted to an Associate Editor, he will arrange to have it refereed before forwarding 
it to the Editor. 

Manuscripts must be double-spaced throughout (including abstract, footnotes, 
subsidiary matter, tables, and references), with the original in typewritten or 
- equally legible form. Furnishing a complete, legible, duplicate copy accelerates 
the process of refereeing, but is not mandatory. The style of the JougNAL should 
be metieulously followed in сору preparation. 

References should be numbered consecutively and grouped at the end of the 
paper; for journal references give at least author, volume, page, and year; for book 
references give at least author, title, publisher, city, and year. 

In mathematical expressions, authors are requested to use the solidus whenever 
possible in preference to built-up fractions, to write complicated exponentials in 
the form exp( ), to avoid subscripts or superscripts on subscripts or superscripts, 
and in general to minimize unusual or expensive typographical requirements. Sub- 
scripts and superscripts must be shown large and clear; Greek letters and unusual 
symbols should be labeled on first occurrence, as should subscript ‘zero,’ to dis- 
tinguish it from ‘oh.’ Whether each letter is capital or lower case must be unam- 
" biguous. Equation numbers must be at the right. 

Figures must be drawn in black ink on white paper in а forma suitable for photo- 
graphic reproduction. Lettering must be of uniform size and sufficiently large to 
be legible when the figure is reduced to final size. Figures should be designated 
by arabic numbers, and legends for all figures must be typed on a single separate 
sheet rather than placed on the drawings. 

Material that has already been published in books or recognized journals, or 
submitted for such publication elsewhere, is пої acceptable for publication, but 
review articles, so labeled, are solicited. 

Each article representing original research must be accompanied by an Abstract 
of from 100 to 200 words, to be printed at the head of the article. . The abstract 
should summarize the principal results and conclusions. Articles representing 
original research should be Кері as brief as possible, consistent with clarity; argu- 
ments already available in other published work should be merely cited, not re- 
peated; references to related previous work should be reasonably complete. 

' Manuscripts not conforming closely to the above instructions will not be refereed 
or considered for publication until suitable copy ts furnished. 
ХҮП 
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' The 


Minneapolis, Minnesota Meeting 


1964 TIMS-ORSA 
Joint National Meeting 


REGISTRATION INFORMATION 


The Institute of Management Sciences and The Operations Research 
Society of America will hold their 1964 Joint National Meeting on October 
7-9 at the Leamington Hotel in Minneapolis, Minnesota. Since the meet- 
ing occurs at the peak of the 1964 National Election Campaign, it is both 
desirable and timely to select a theme that will fit in with this significant 
event. Accordingly, we have selected as the leading theme: THE ROLE 
OF OPERATIONS RESEARCH AND MANAGEMENT SCIENCE IN 
NATIONAL PROGRESS. 

To assure that the breadth of the theme will be satisfied, the selection 
of session topics is based on the Cabinet Departments of the Federal Gov- 
ernment, supplemented by some of the separate key agencies. The sub- 
ject matter coverage in each session is defined to assure representation in 
speakers and point of view from the three major sectors of research in the 
country: government, industry, and the university. 

The scope of the topics suggests that a liberal sprinkling of review papers 
will help to achieve breadth in terms of what has been done, and some 
“think pieces” on the future trends, unsolved problems, and interesting 
areas for future research. In addition to the 16 sessions for invited papers, 
there are 4 concurrent sessions for contributed papers. 

Those who have visited the Twin Cities in October know that this is 
perhaps the most enjoyable time of the year from the standpoint of weather 
and scenery. The autumn coloring provides a beautiful backdrop for 
these two cities of lakes. 

The combination of the fall climate, the Tyrone Guthrie Theatre, and 
our outstanding women’s program, make for an experience for your ladies 
which will be as rewarding to them as the professional program will be to 
you. We hope that they will accompany you. 
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Registration 


The registration desk in the Dakota Room of the Hotel Leamington 
will be open in accordance with the following schedule: 


Tuesday, October 6: 4:00 p.m. to 9:00 p.m. 
Wednesday, October 7: 8:00 a.m. to 5:00 p.m. 
Thursday, October 8: 8:00 a.m. to 5:00 p.m. 


Friday, October 9: 8:00 a.m. to 1:00 p.m. 
Fees for Registration are: 
Member $10.00 Luncheons 83.00 
Non-Member $12.00 Banquet $6.00 
Student $2.00 Mixer Free 
Women's $10.00 
Program 


А meeting registration card is enclosed. 


Accommodations 


'The Hotel Leamington has reserved ample rooms for the meeting, and 
they will arrange for any necessary additional rooms with the Curtis Hotel 
just across the street. 

'The hotel is at Tenth Street and Third Avenue South. Room rates 
range from $8.50 to 816.00, for single occupancy, апа from $12.50 to $22.00 
for double occupancy. А. hotel registration card is enclosed. The hotel 
provides free parking for all guests registered at the hotel. The parking 
lot entrances are off Tenth Street (one-way southeast) and Eleventh Street 
(one-way northwest). 

The Minneapolis-St. Paul International Airport is nine miles south and. 
east from the hotel. 'The limousine fare is $1.40 per person, and the taxi. 
fare is about $3.50 per group. Cab fares from the hotel to the downtown. 
area (four to six blocks) will run around 55 to 65 cents. 


General Information 


Firms desiring to post recruiting notices may do so on & board to be pro- 
vided in the registration room, which is the Dakota Room of the hotel. 
Notices must not exceed 814” x 11" in size and must be forwarded to the 
Registration Chairman, DaN1EL B. Macraw, % Gold Bond Stamp Company, 
18716В State Highway 56, Minneapolis, Minnesota 55427, for clearance and 
posting. 

There will be а book display. Authors and publishers desiring to display 
their books may arrange to do so through Dr. Raymond Е. У/ плл8, Schoor 
of Business Administration, University of Minnesota, Minneapolis, Minne- 
sota 56456. 
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Copies ої Papers 


Please write directly to authors for copies of the papers in which 
you are interested. Neither the Secretary, Program Chairman, 
Bulletin Editor nor other officials ої ORSA or TIMS has copies for 
distribution. Е 


Program ої Women's Events 


MINNEAPOLIS is happy to welcome the women of TIMS-ORSA to 
this convention. Our women's committee will do everything possible to 
insure your entertainment. We are your hosts—help us to do a good job 
by letting us know how we can best serve you. 


WEDNESDA Y—October 7 


8:30 a.m. Continental Breakfast 
Ladies’ Hospitality Headquarters 
10:30 a.m. Buses leave—3rd Avenue Entrance, 
Hotel Leamington for Old Log Theater - 
11:30 a.m. Lunch at Old Log Theater 
12:30 p.m. Play to be announced 
Old Log Theater Company 
5:30 p.m. MIXER—Hotel Leamington 
Delegates and Wives 


THURSDA Y—October 8 


8:30 a.m. Continental Breakfast 
Ladies’ Hospitality Headquarters 
10:00 a.m. Buses leave—3rd Avenue Entrance, 
Hotel Leamington for Twin Cities Women’s Association 
Minneapolis Symphony Orchestra (WAMSO) Tour 
12:00 Noon Lunch at Lowell Inn in Stillwater 
7:00 p.m. Banquet—-Hotel Leamington 
Delegates and Wives 


FRIDA Y —October 9 


8:30 алп. Continental Breakfast 
Ladies’ Hospitality Headquarters 
Free time for shopping to 2:00 p.m. 
2:00 p.m. Champagne Tea 
The ladies’ fee of $10.00 covers all the above meals, gratuities, registra- 
tion, transportation and entertainment for the entire three days, except 
banquet. 
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Concurrent Events in The Twin Cities 


The Second Season of the Minnesota Theatre Company at the Tyrone 
Guthrie Theatre closes on October 10. The TIMS-ORSA Committee is 
. holding a limited number of seats for each of the final performances. They 
will be assigned on a first-come, first-served basis. 


Wednesday, October 7—Volpone $3.50 
(The registration card incorrectly states “The 
Glass Menagerie" for Wednesday October 7.) 
Thursday, October 8—The Glass Menagerie— $3.50 
Friday, October 9—Henry V— $3.50 
Saturday, October 10—St. Joan, Matinee— 58.50 
--Уоіропе, Evening— 53.50, 85.00 


We must know the number of reservations by September 16. If you 
wish to attend any of these performances, please indicate this on the meeting 
registration сага. 

The Minnesota Gophers meet the Northwestern Wildcats in an inter- 
collegiate football game Saturday afternoon, October 10. The Minnesota 
Vikings play the Detroit Lions in & professional football game on Sunday, 
October 11. The Committee is holding а small block of seats for each of 
these games. They will be assigned on a first-come, first-served basis. 
If you wish to attend either of these games, please indicate this on the 
meeting registration card. 

If you expect: to stay over Saturday or Sunday for any of the events 
listed above, we strongly recommend an individual letier to the hotel re- 
questing a written confirmation of your reservation. 


B-123 


THE COMMITTEE FOR THE MINNEAPOLIS MEETING 


Со-Сепега! Chairmen 


Chapter Chairman, 
June, 1963 to June, 1964 
Registration 
Chapter Chairman, 
June, 1964 to June, 1965 
'Treasurer 
Contributed Papers 
Historian 
Printing 
Women's Activities 
Arrangements 
Functions 
Book Display 
Rooms 
Publicity 


Program 


MURRAY A. GEISLER 

The RAND Corporation 
PauL У. GRAMBSCH 

University of Minnesota 
Daxner B. Macraw 

Gold Bond Stamp Company 


James C. GRACE 
General Mills, Inc. 
Norman E. ALBRECHT 
Investors Diversified Services 
Совром B. Davis 
University of Minnesota 
GENE р. Gross 
Cargill, Incorporated 
JAMES А. HUMMEL 
Data Management, Inc. 
Irene D. KREIDBERG 
UNIVAC 
Henry А. MONTILLON 
Jensen Printing Company 
RICHARD J. POTTER 
Automated Systems, Inc. 
Влумомр E. Winnis 
University of Minnesota 
Weser F. RYDIN 
Bay State Milling Company 
D. H. WENTWORTH 
IBM Corporation 
Morray А. GEISLER, Chairman 
Виснаво L. Van Horn 
RAOUL J. FREEMAN 
ALLEN S. GINSBERG 
Parr J. Kryrat 
Вовквт J. WOLFSON 
The RAND Corporation 


B-124 


A.l 
A.2 
А.3 
А.4 


вл 
ва 
В.3 


Сл 
С.2 
С.3 
CA 


SESSION CHAIRMEN 


PERKINS PEDRICK 
Совром B. Davis 
EDWARD WEINTHALER 
NicHOoLAS А GLASKOWSEKY 


Кемметн J. ARROW 
WILLIAM J, HORVATH 
PETER V. NORDEN 


Roy RADNER 

Ітнікі, ре Sora Poon 
МАТЕ MaccoBY 
RICHARD ROTHERY 


рл 
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ЕЛ 
Е.2 
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ЕЛ 
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CHARLES J. Zwick 
ALLEN B. RICHARDS 
CHARLES С. Нот 


GEORGE J. FEENEY 
Dare E. OYSTER 
RoGER R. CRANE 


WILLIAM PLATT 
GIFFORD H. SYMONDS 
Epwarp У. CUSHEN 





PROGRAM 
1964 TIMS-ORSA JOINT 





SESSIONS AND LOCATION 


Dakota Room 





Morning Sessions—9 :00-12:00 
Michigan Room 


Minnesota Room 
Towa Room 
New York Room 


Luncheon—12:15-1:45 
'Twin Cities Room 


Afternoon Sessions—2:00-5:00 
Michigan Room 
Minnesota Room 
Towa Room 


EVENING ACTIVITIES 





WEDNESDAY, OCTOBER 7 


Registration: 8:00-5:00 


АЛ. 


Military, Space and Air Trans- 
portation 


. Industrial Applieations 
. O.R. Techniques 
. Education, Welfare and Public 


Policy 





Speaker: Louis T. RADER, 


В.1. 
В.2. 
В.3. 


Vice President, 
General Electric Company 


Foreign Policy & Affairs 
Health 
Research & Development 


5:30-7:30—MIXER, 


Lincoln Room 


8:00—TIMS Council Meeting 


—ORSA Business Meeting 





TUESDAY OCTOBER 6 ACTIVITIES: 
Registration: 4:00-9:00 P.M.—Dakota Room 

6:30-9:00 P.M.—TIMS College on Management Control Sys- 

tems 

8:00 P.M.—ORSA Council Meeting 
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РГАМ 
NATIONAL MEETING 





THURSDAY, OCTOBER 8 FRIDAY, OCTOBER 9 














Registration: 8:00-5:00 Registration: 8:00-1:00 











С.1. Eeonomie Growth E.1. Individual Behavior 


E.2. Space 
Е.3. Trade 


C 2. Communieations 

C.3. Organizational Behavior 

С.А. Transporation Science Section of 
ORSA j 





Speaker: WiLLIAM С. SHEPHERD, 
Vice President, 
University of Minnesota 


Presentation: Lanchester 
Prize 
Speaker: Davin B. HERTZ, 
President, TIMS 


F.1. Education 
Е.2. Natural Resources 
F.3. Defense 


D.1. Transporation 
D.2. Agriculture 
D.3. Fiscal Policy 





5:00-6:15—TIMS College on Research 
& Development 
5:00-6:15—TIMS College on Planning 
7:00 BANQUET, 
Hall of States 
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PROGRAM 


1964. TIMS-ORSA JOINT NATIONAL MEETING 


October 7-9, 1964. 


Leamington Hotel 


Minneapolis, Minnesota 


WEDNESDAY MORNING, OCTOBER 7 
9:00 a.m.—12:00 Noon Session A 


1, 2, 8, and 4 are in concurrent sessions 


А. 1. CONTRIBUTED PAPERS ON APPLICATION OF O.R. TO 
MILITARY, SPACE AND AIR TRANSPORTATION PROB- 
LEMS 
Location: MicmiGAN Room 
Chairman: Perkins Рервіск, Logistics Management Institute, 


а. 


Ъ. 


Washington, D. С. 
Effective Reliability for Manned Space Systems, K. A. 
FREDERIKSEN, Douglas Aircraft Company, Inc. Huntington 
Beach, California 
Selection of Scientific Payloads for Deep Space Explora- 
tion, Јону C. Dyer, Avco Corporation, Wilmington, Massa- 
chusetts 
Space Station Operational Availability Model with Cost 
Constraints, D. В. Jackson, А. H. Ramaquist, Амр В. А. 
Hourz, The Martin Company, Denver, Colorado 


. The Formulation of Safety Policies for Launchings of 


Missiles and Space Vehicles, Lewis A. LEAKE, Research 
Analysis Corp., McLean, Virginia 

Aircraft Landing Rates for Random vs. Controlled Ar- 
rivals: А Comparison Based on Probabilties of Missed 
Approach, В. V. MonsE, anp Т. W. CoNNourv, Control Tech- 
nology, Inc., Princeton, N. J. 
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Wednesday Morning B-131 


Analysis of Sequencing and Scheduling Methods for ап 
Automated Air Traffic Control System, M. W. Hans, AND 
А. В. JacksoN, Control Technology, Inc., Long Beach, Cal. 


. Target Damage Assessment: À Comparison of Two 


Strategies, H. C. SEBRING, General Electric Company—Missile 
and Space Division, Philadelphia, Pennsylvania 


. Metri—Theory and Concept, ҰпллАм J. Новев, Clark, 


Cooper, Field & Wohl, Inc., New York 

Metri—A Structured Approach to Management Informa- 
tion Systems, Dania J. Austin, Clark, Cooper, Field & 
Wohl, Inc., New York 

Computer-Assisted Simulation of Supply and Related 
Systems, JIMLEE В. Кемрив, Technical Operations Research— 
Combat Operations Research Group, Fort Lee, Virginia 


. A Budget Model for Procurement of Army Equipment. 


CHARLES S. Матнему, U. S. Army, Radford, Virginia 

Some Uses and Limitations of Cost-Effectiveness Analysis 
in Military Decision-Making, У пллам Gmopowrrz, Head- 
quarters U. S. Air Force, Washington 25, D. С. 


. Multi-Level Inventory Systems: The Case of Spare 


Aircraft Engines, Озоввр HOEKSTRA, U. S. Army—Frankforce 
Arsenal, Philadelphia, Pennsylvania 
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Wednesday Morning 


А. 2. CONTRIBUTED PAPERS ON INDUSTRIAL APPLICATIONS 
OF OPERATIONS RESEARCH 
Location: Minnesota Room 
Chairman: Gorpon B. Davis, University of манії Minne- 


a. 


T 


i. 


apolis, Minnesota 
Developing a Sellout and Returns Policy for the Distribu- 
tion of Newspapers, NicBoLas J. RApELL, Cresap, McCormick 
& Paget, Chicago, Illinois У 


. Balancing Accuracy. and Simplicity in Determining Ве- 


order Points, Josera A. Hunt, Ernst and Ernst, Cleveland, 
Ohio 

The Economic Sizing of Warehouses—A Comparison of 
Evaluation Models, CmBannLES Е. Hancock AND H. F. 
KRAEMER, General Mills, Minneapolis, Minnesota 

Results of Computer Simulation of Trading in May Wheat 
Using a Triple Exponential Smoothing Model, W. SIEGEL 
anp А. GUGGENHEIM 

Adaptation to Production Innovation: А Model, 
NricHoLAS Batorr, University of Chicago, Chicago, Illinois 

An Analytical Concept for the Selection, Flow, and Trans- 
ference of Technology in a Large Electronics/Aerospace 
Firm, Вовевт R. Krey, The Bendix Corporation, Ann Arbor, 
Michigan 


. Measures of Capital Investment in Professional Knowl- 


edge, J. Мовіжу Eneuisu, University of California, Los Angeles, 
California 

Research Project Selection: Where We Stand, Norman 
В. Baker AND Wirum Н. Pound, Northwestern University, 
Evanston, Illinois 

Playing the Profit Edge in Planning Research and Develop- 
ment Expenditures, PauL E. Weaver, The Service Bureau 
Corporation, New York, New York 

Regression Analysis: A Tool for Costing and Budgeting, 
М. J. O'CarnaaBAN, $M Company, Hutchinson, Minnesota 


Wednesday Morning B-133 


А. 3. CONTRIBUTED PAPERS ON OPERATIONS RESEARCH 
TECHNIQUES 
Location: Jowa Room 
Chairman: EDWARD WEINTHALER, JR., Touche, Ross, Bailey сб 


a. 


b. 


f. 


Smart, San Francisco, California 

Personnel Assignment Decisions, WirnuiaM В. Kine, Сазе 
Institute of Technology, Cleveland, Ohio 

À Heuristic Approach to the Location of Multiple Facili- 
ties to Serve an Area, V. CLAYTON LarrEnTY, Midwest R & D, 
United. Parcel Service, Chicago, Illinois 

The Multifacility Production-Distribution Problem with 
Nonlinear Production Costs, J. FRANK SHARP, Rutgers, Tae 
State University, New Brunswick, New Jersey 


. Programming by Questionnaire, ALLEN S. GINSBERG AND 


Harry М. Marxowirz, The RAND Corporation, Santa Monica, 
California 

Establishing Techniques to Determine the Quality ої 
Business Measurements, Ernest Н. Wiwwounw, DePcul 
University, Chicago, Illinois 

Directed Network Operating Cost and Design Criteria, 
В. B. McCietian, Canoga Park, California 

The Incorporation of Step Functions and Ramp Functioas 
into a Linear Programming Model, B. Arva ScHOOMER 
Тв., Arthur D. Lille, Inc., Cambridge, Massachusetts 


. A Confidence Interval Estimate for System Availability, 


НаАво1р I. Jacopson, The Boeing Company, Seattle, Washingzon 
Analysis of Decisions with Incomplete Knowledge of 
Probabilities, PETER C. FisusunN, Research Analysis Corpo-a- 
tion, McLean, Virginia 

Time Development of Stochastic Systems, HERBERT В. 
Roseman, The Mitre Corporation, Bedford, Massachusetts 
Physical Systems Analysis of Socio-Economic Situations, 
J. B. Erus, University of Waterloo, Waterloo, Ontario, Caneda 
Optimal Tracking of an Unknown Parameter Randomly 
Shifting in Gaussian Noise, Mrtvin Німісн, Carnegie 
Institute of Technology, Pittsburgh, Pennsylvania 
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Wednesday Morning 


A. 4. CONTRIBUTED PAPERS ON APPLICATION OF O.R. TO 
EDUCATION, WELFARE AND PUBLIC POLICY 
Location: New Уовк Room 
Chairman: NICHOLAS А. GLASKOWSKY, JR., University of Minne- 


a. 


sota, Minneapolis, Minnesota 
Decisions Under Uncertainty Involving Extremely Large 
Numbers of Possible Strategies and States of the World, 
MARK ALFANDARY-ALEXANDER, Untied States Atomic Energy 
Commission, Washington, D. C. 


. A General Computer Model for Spatial Diffusion Proc- 


esses, Forrest R. Prrrs, University of Oregon, Eugene, Oregon 
Systems Evaluation of Transportation Planning Proce- 
dures, У. К. Hanpa AND W. А. МсГлосным, University of 
Waterloo, Waterloo, Ontario, Canada 

Models of Commercial Bank Decision Making, and Their 
Interrelatedness with Monetary Policy, EDWARD Sussna, 
University of Pittsburgh, Pittsburgh, Pennsylvania 


. Determining the Optimal Number of Volumes for a Li- 


brary's Holdings, В. W. TRUESWELL, University of Massa- 
chusetis, Amherst, Massachusetts 

The Diplomat, International Economist and Interna- 
tional Businessman of the Future: His Information 
Environment, Joan У. Zuckerman, University of Southern 
California, Los Angeles, California 

Management Sciences and Ethics, Свовав К. Desr, West- 
énghouse Electric, Baltimore, Maryland 


. Nonpartisan Political Redistricting by Computer, БІРМЕУ 


W. Hess and J. В. Мвлувв, Atlas Chemical Indusiries, Inc., 
Wilmington, Delaware; ann H. J. SrigarELDT, J. М. WHELEN 
AND P. A. тім, Е. Г. duPont & Co., Inc., Wilmington, Dela- 
ware г 

The Role of Mathematical Models in Educational Re- 
search, Rocer С. SCHROEDER AND Gustave J. Rats, North- 
western University, Evanston, Illinois 

Long Range Planning in Mental Health, Текоме E. SCHNEE 
AND ROBERT J. Номтев, Smith Kline & French Laboratories, 
Philadelphia, Pennsylvania 


. Employment Programming and Education Programming, 


Joan S. MacDoNarp, United Nations, New York, New York 
Solutions for Optimal Designs of Stochastic Learning 
Experiments, Ropert E. Dear, System Development Corp., 
Santa Monica, California 


Wednesday Afternoon B-135 


12:15-1:45 Twin Citres Коом 


LUNCHEON 


Speaker: Louis T. RADER, Vice President 
General Electric Company 
Subject: Road Blocks To Progress 


WEDNESDAY AFTERNOON, OCTOBER 7 
2:00 p.m.—5:00 p.m. Session B 


1, 2, and 3 are concurrent sessions 


B. 1. FOREIGN POLICY AND AFFAIRS 
Location: Muicaiaan Room 
Chairman: Кемметн J. Arrow, Churchill College (visiting), Cam- 


a. 


bridge, England and Stanford University, Stanford, 
California 
An Econometric Analysis of the Effects of Foreign Aid on 
Economic Development: A Case Study of Greece, Тама 
ADELMAN AND Horus B. CugNERY, Agency for Internatioral 
Development, Washington, D. C. 


. Public Goods and the Theory of Alliances, RICHARD ЖЕСК- 


HAUSER, Harvard University, Cambridge, Massachuselts 
Simulating Crisis Decision-Making, ТАМЕЗ A. ROBINSCN, 
Ohio State University, Columbus, Ohio 


В. 2. HEALTH 
Location: МтумезотА Room 
Chairman: Wirum J. Horvata, The University of Michigan, 


a. 


Ann Arbor, Michigan 
Introductory Remarks—The Systems Approach to the 
National Health Problem, У пллам J. Новултн, The Umi- 
versity of Michigan, Ann Arbor, Michigan 
The Evolution of Operations Research in the Health 
Services, CHARLES D. FrAGLE, The Johns Hopkins University 
Hospital, Baltimore, Maryland 
Simulation of Hospital Systems, ROBERT B. Ferrer END 
Joun D. Тномевом, Yale University, New Haven, Connectzcut 


. Medical Records and the Appraisal of Medical Care, 


Kenneta J. УУиллАдмв, St. Joseph’s Hospital, Hamilton, Onta-io, 
Canada 

Technical Problems in Areawide Planning of Hospital 
Facilities and Services, HERBERT E. KrARMAN, The Joins 
Hopkins University, Baltimore, Maryland 


В-136 Wednesday Afternoon and Thursday Morning 


B. 3. RESEARCH AND DEVELOPMENT 
Location: Iowa Room 
Chairman: Prrer У. МоврЕм, International Business Machines 
Corporation, Poughkeepsie, New York 
a. Establishing New В and D Skills, G. J. Rava AND А. Н. 
Rusinstain, Northwestern University, Evanston, Illinois 
b. Quantitative Methods in New Product Planning, B. V. 
Dean, Case Institute of Technology, Cleveland, Ohio 
с. An Appraisal of New Approaches їо R and D Management, 
В. W. Милев, Raytheon Corporation, Lexington, Massachusetts 
d. Some Methodological Problems in Studying the Rela- 
tionship of Science and Technology to Economic Growth, 
JacoB Prriman, National Science Foundation, Washington, 
D. C. 
5:30 p.m.-7:30 p.m. 


THE ELECTRONIC MIXER 
Location: Ілмсоїгх Room 


THURSDAY MORNING, OCTOBER 8 


9:00 a.m.~12:00 Noon Session C 
1, 2, 3, and 4 are concurrent sessions 


С. 1. ECONOMIC GROWTH 
Location: Масвтадм Room . | 
Chairman: Roy Бармен, University of California, Berkeley, 
California 

a. Efficient Control Policies for Inter-Regional Trade, 
Dante, McFADDEN, University of California, Berkeley, Cali- 
fornia 

b. Design of a Two-Sector Model of the American Economy, 
EMMANUEL Dranpaxis, Yale University, New Haven, Con- 
neclicul, AND Ретєв Mimszxowsxi, Yale University and the 
University of Chicago, Chicago, Illinois 

с. An Algorithm for Dynamic Programming of Economic 
Growth, Roy RADNER AND В. FRIEDMANN, University of Cali- 
fornia, Berkeley, California 


Thursday Morning В-157 


С. 2. COMMUNICATIONS 


Location: Minnesota Room 
Chairman: Irate, ре Sora Poon, Massachusetis Institute of 


Technology, Cambridge, Massachusetts 


a. Computer Approach to Content Analysis: Studies Using 


the General Inquirer System, Parre SroNE, Harvard Ura- 
versity, Cambridge, Massachusetts 


. Language and Memory, Victor Н. Үмсув, Massachuseéts 


Institute of Technology, Cambridge, Massachusetts 


. Problems in Message Selection: On the Stubbornness ої 


Horses, VOLNEY SmEFFLRE, Yale Uniwersity, New Haven, 
Connecticut 


. Operations Research Problems in the Dissemination of 


Knowledge to Underdeveloped Countries, Davin G. Has. 
The RAND Corporation, Santa Monica, California 


. ORGANIZATIONAL BEHAVIOR 
Location: Iowa Room 
Chairman: Nare Массову, Stanford University, Stanford, Ccli- 


fornia 


а. Criteria of Organizational Effectiveness, SrANLEY SDA- 


SHORE, University of Michigan, Ann Arbor, Michigan 


b. On Organizational Effectiveness, ЈоѕеРн BERGER, BERNARD 


P. Cowen, AND Morris ZELDITCH, JR., Stanford University, 
Stanford, California 


. Organization and Role Boundaries, Г. WesLeEY WAGER, 


University of Washington, Seattle, Washington 


B-138 Thursday Morning and Thursday Afternoon 


C. 4. TRANSPORTATION SCIENCE SECTION OF ORSA 
Location: New Уовк Room 
Chairman: ВлонАвр Вотнену, General Motors Research Labora- 
lories, Warren, Michigan 

a. Research in Traffic Theory in Australia, С. Е. NEWELL, 
Brown University, Providence, Rhode Island 

b. А Review of the Boltzmann Approach to the Theory of 
Traffic Flow, RosERT L. ANDERSON, General Motors Corpora- 
tion, Warren, Michigan 

c. Traffic Flow Measurement by Sweep Sampling Air Photo 
Technique, T. W. FonBES, JAMES J. MULLIN, AND Mixes E. 
Ѕтмрѕом, Michigan State University, East Lansing, Michigan 

d. Multiple Point Experiments and Analysis in Single Lane 
Traffic, Ken Свотмтжу, The Port of New York Authority, New 
York, New York 

e. Reducing Delays to Aircraft, Свого Резтагомл, Uni- 
versity of California, Berkeley, California 


12:15-1:45 Twin Стив Room 


LUNCHEON 


Presentation: The 1964 ORSA Lanchester Prize 
Speaker: Davin В. Hertz, McKinsey and Company, Inc., 
President, TIMS 


THURSDAY AFTERNOON, OCTOBER 8 
2:00 p.m.—5:00 p.m. Session D 
1, 2, and 3 are concurrent sessions 


D. 1. TRANSPORTATION 
Location: Muicsican Room 
Chairman: CHARLES J. Zwick, The RAND Corporation, Santa 
Monica, California 

a. Simulation of MATSON’s Freighter Fleet, В. B. FanNs- 
WORTH, Matson Navigation Company, San Francisco, California 

b. An Approach to Transport Systems Analysis, SIEGFRIED 
M. Breunine, National Bureau of Standards, Washington, D. С. 

с. Traffic Flow Theory as Applied to Transport Decision 
Making, Martin У/оні, Harvard University, Cambridge, 
Massachusetts 


Thursday Afternoon В-129 


D. 2. AGRICULTURE 
Location: Minnesota Room 
Chairman: Arren B. Влснлврѕ, Chemical Division of General 


a. 


Mills, Inc., Kankakee, Illinois 

Operations Research in Agriculture: Past, Present and 
Future, С. В. BAKER AND С. G. Jupes, University of Illinois, 
Urbana, Illinois 


. A Model for Predicting Outputs of Joint Product Firms 


in Forest Industries, М. Е. Savin, 0. 5. Department of Agrt- 
culture, Washington, D. C. 

Choice of Nitrogen Application and Planning Rates for 
Corn: А Game Theoretic Analysis, EARL В. Swanson, 
University of Питоїз, Urbana, Illinois 


. FISCAL POLICY 


Location: Jowa Room 
Chairman: C#arurss С. Нот, University of Wisconsin, Madison, 


Wisconsin 


. Research Applications of Quantitative Decision Analysis 


to Fiscal Policy—A Survey, ERIK THORBECKE, Гоша State 
University, Ames, Гоша, 


. Problems in the Application of Econometric Models to 


Economic Policy in The Netherlands, Р. pm Worrr, Di- 
rector, Central Planning Bureau, The Netherlands 

The Problems of Relating Operations Research to the 
Institutions of Government, Roy E. Moor, Administrative 
Assistant іо U. S. Senator William Prozmire, Washington, D. C. 


. Formula Variation of Tax Rates for Improving Economic 


Stability, ALBERT ANDO, University of Pennsylvania AND 
Howarp Pack, Economic Growth Center, Yale University, New 
Haven, Connecticut 

Research Problems in Fiscal Policy, Brief panel discussion 
by the chairman and speakers 


5:00-6:15 TIMS College on Research and Development, Chairman, 


Professor Albert H. Rubenstein, The Technological Institute, 
Northwestern University. 


5:00-6:15 TIMS College on Planning. 


7:00 p.m. 


Tae HALL or STATES 


BANQUET 


Speaker: Dr. Emer В. Sraats, Deputy Director, U.S. Bureau of 


Budget 


В-140 Friday Morning 


FRIDAY MORNING, OCTOBER 9 
9:00 a.m.—12:00 Noon Session E 
1, 2, and 3 are concurrent sessions 


E. 1. INDIVIDUAL BEHAVIOR 
Location: MiQcuigAN Room 
Chairman: Свовав J. Feeney, General Electric Company, New 
| York, New York 
a. Stochastic Learning in Mice, Men and Machines, MERRILL 
М. Егоор, University of Michigan, Ann Arbor, Michigan 
b. Design and Évaluation of Probabilistic Information 
Processing Systems, Warp Epwarps, University of Michigan, 
Ann Arbor, Michigan 
c. Leadership and the Cost of Thinking, JacoB MARSCHAK, 
University of California, Los Angeles, California 
d. On the Simulation of Group Interaction, С. West CHURCH- 
MAN, University of Саїйогіла, Berkeley, California 


E. 2. SPACE 
Location: MiwNESOTA Room 
Chairman: Dare E. Oyster, The RAND Corporation, Santa 
Monica, California 

a. System Training Through Internship in the Field, 
Упаллдм К. Тлмупл, Stanford University, Stanford, California 

b. Systems Research on Space Programs at S&ID, M. D. 
Scuwartz, North American Aviation, Downey, California 

с. The Art of Applying Cost/Effectiveness Analysis to Mili- 
tary Space Systems, Е. H. Твіхкі, Department of Defense, 
Washington, D. C. 


E. 3. TRADE 
Location: Iowa Room 
Chairman: Rocer В. Cran, Touche, Ross, Bailey and Smart, 
New York, New York 

a. A Linear Programming Application in International 
Trade, J. CARGILL, Cargill, Inc., Minneapolis, Minnesota 

b. The Design of an International Communications Net- 
work, Ковент FRANKLIN, Chrysler Corporation, Detroit, Michi- 
gan 

c. Problems and Opportunities for Marketing Science in 
Trade, Patrick Вовтмвом, Marketing Science Institute, Phila- 
delphia, Pennsylvania 

d. The Computer and International Marketing Manage- 
ment, Davin B. Hertz, McKinsey & Co., New York, New York 


Friday Afternoon B-141 


12:15-1:45 Twin Cimes Коом 


LUNCHEON 


Speaker: WinLiAM С. SmEPARD, Vice President 
University of Minnesota 


FRIDAY AFTERNOON, OCTOBER 9 
2:00 p.m.—5:00 p.m. Session F 
1, 2, and 8 are concurrent sessions 

F. 1. EDUCATION 


Location: MicHiGAN Room 
Chairman: УУпллам PLATT, Stanford Research Institute, Merlo 


a. 


с. 


Park, California 
А Model for International Comparison of Educational 
Planning, Mary E. Rosson, U. S. Office of Education, 
Washington, D. C. 


. Remote Computer Usage: Implications for Education, 


ТномАв C. Rowan, System Development Corporation, Sar-ta 
Monica, California 

The Impact of New Educational Media on the Economics 
of Education, Рниле H. SORENSEN AND Henry J. McCusker, 
Stanford Research Institute, Menlo Park, California 


Е. 2. NATURAL RESOURCES 
Location: Minnesota Room 
Chairman: Girrorp Н. Symonps, The Helsinki School of Ezo- 


nomics, Finland (Visiting) 
Evaluating the Consequences of Alternative Policies Лог 
Irrigation Development, Сковсв A. Pavers, U. S. De- 
partment of Agriculture, Washington, D. С. 


. Exploration for Natural Resources, Јонч С. Grirrrras, 


Pennsylvania State University, Unversity Park, Pennsylvaria 
Formal Models in the Design of Water Resource Systerns, 
RosERT Dorrman, Harvard University, Cambridge, Massa- 
chuseits 


. Forest Fire-Fighting Models, Wittiam В. JEWELL, Uni- 


versity of California, Berkeley, California 


B-142 Friday Afternoon 


F. 3. DEFENSE 
Location: Iowa Room 
Chairman: Epwarp W. Собнем, Institute for Defense Analyses, 
Washington, D. C. 

a. Combat Vehicle Fleet Management, Conway J. CHRISTIAN- 
SON AND GERALD E. СоорЕв, Research Analysis Corporation, 
McLean, Virginia 

b. Aircraft Loading Considerations: A Sortie Generator 
for Use in Planning Military Transport Operations, 
Samus. E. Eastman, Institute for Defense Analyses, Washington, 
D.C. 

c. Methodology for the Determination of Command and 
Control Requirements for a Military Service System, 
Raymonp W. МиллсАм, Stanford Research Institute, Menlo 
Park, California 

d. Project PATTERN: Planning Assistance Through Tech- 

nical Evaluation of Relevance Numbers, Aaron L. JESTICE, 
Honeywell, Inc., Washington, D. C. 

Strengthening the Cost-Effectiveness Criterion for Major 
System Decisions, EvERETT J. DANIELS AND Joun B. LATHROP, 
Lockheed-California Company, Burbank, California 


e 


. 


Abstracts 


Al.a. Effective Reliability for Manned Space Systems, К. А. FREDERIL- 
SEN, Douglas Aircraft Company, Inc.,—M issile and Space Systems Divisior / 
Space Systems Center, Reliability Assurance, 6801 Bolsa Avenue, Huntingtcn 
Beach, California. 

Providing high operational reliability for manned space systems is a goal of na- 
tional importance. Achievement of this goal requires а new look at reliabiliry 
technology and application of operations analysis. Probably the most effective 
contributor to spacecraft reliability will be the crew. This effectiveness has been 
demonstrated on commercial transport aircraft, where extensive MIL-Spec type 
reliability programs have not been instituted and yet the operational reliability has 
been high. 

There are presently several reliability considerations to explore during the design 
and development of manned systems. One of these involves the equipment coza- 
trol category. The control category differentiates between equipment which is 
completely automatic, completely crew-controlled, or some compromise in between. 
The reliability approach to these different categories is examined. How contaol 
categories are integrated through a mathematical reliability model is described, 
indicating how the technique of reliability apportionment, failure effects analyss, 
and design review are influenced by the control category. Backup control through 
a systematic parts/maintenance program is also developed. Some techniques for 
integrating the crew into the reliability picture during vehicle orbit is also ecn- 
sidered. Providing specific crew tasks which monitor reliability progress becon-es 
essential. Of primary importance is the data system to be used in space. In- 
flight data acquisition and analysis will be essential. Some possible approaches to 
this very important problem are developed. 


Al.b. Selection of Scientific Payloads for Deep Space Exploratian, 
Joun C. Dyer, Avco Corporation, Research and Advanced Development Divi- 
sion, 201 Lowell Street, Wilmington, Massachusetts. 

Over the next decade exploration of the near earth planets will become an ex- 
citing reality. Every corner of the scientific community is clamoring for an ap- 
portunity to run experiments on these missions. Because technical and cost can- 
straints make it possible for only a few to be chosen, we must be assured that those 
experiments selected will yield the maximum possible scientific information. Cne 
scientist or one discipline cannot make unbiased selections of payload. On збе 
other hand, а mixed group of scientists will not easily agree on the “best” payloads. 
This paper discusses an objective, analytic selection technique which has been used 
on the Voyager Program to construct payload packages having the largest relat-ve 
values based on diverse scientific interests. 

Essentially, the technique is carried out in two steps. First, each candidate 
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instrument is evaluated in terms of & benefit/cost index, and a merit rating is estab- 
lished. The second step is construction of the payload by choosing among in- 
struments on the basis of merit rating until spacecraft capacity is exhausted. The 
resulting payload has maximum value within spacecraft design limits. The compu- 
tational procedure is presented in simple tabular form. Some difficulties, limita- 
tions, and alternative approaches are discussed. 


Al.c. Space Station Operational Availability Model with Cost Con- 
straints, D. В. Jackson, A. H. Ramaquist, В. А. Hourz, The Martin Com- 
pany—Denver Division, Engineering Advanced Technology Department, Май 
Number А-88, Denver 1, Colorado. 

Operational reliability constraints are required to define the probability of suc- 
cessful completion of sequential mission functions, the probability of crew safety, 
the probability of launch-on-time, the abort and recall capabilities, the space 
station resupply cycles and logistic support plans necessary to optimize space 
system availability and operation. The reliability dynamics resulting from com- 
plexity, mission time-usage cycle, mission environmental profile, equipment opera- 
tion, and interface integration requires a simplified solution for a space systems 
synthesis. This paper discusses the reliability “building block” method for presen- 
tation of reliability criteria. 

The method encompasses sequential mission time-phase (pre-launch, booster 
flight, orbit, re-entry, recovery) and space system modular (booster, re-entry 
vehicle, space station, ground equipment) “building blocks” and utilizes parametric 
reliability data as a function of time for each mission phase. This technique 
readily lends itself to evaluation of existing “off-the-shelf” space system modules 
and, when applied to conceptual space station subsystem analysis and integration, 
provides optimization reliability criteria for mission, size, weight, cost, and de- 
velopment-time constraints. 

Functional models relating the “building block” concept to determination of 
space system optimization are presented, including mission reliability and crew 
safety objectives, the probability of launch-on-time, the abort and recall capa- 
bilities, and space station availability. 


Al.d. The Formulation of Safety Policies for Launchings of Missiles 
and Space Vehicles, Lewis А. LEAKE, Research Analysis Corp., McLean, 
Virginia 22101. 

National expenditures in the missile and space fields are large and are signifi- 
cantly affected by the safety policies adopted by the National Ranges. Many 
range users have thought the safety policies too restrictive and thus too expensive. 

An operations research study has permitted a fundamental review of existing 
and candidate range safety policies. The study involved analysis of the specific 
problems faced in launching ICBM’s into the area of the Kwajalein Atoll A 
mathematical model was derived and programmed for estimating expected casual- 
ties, probability of impact of pieces on islands, expected fraction of good missiles 
aborted by the safety system, and other items. A more general model involving 
the estimation of all national costs attributable to a safety policy was formulated. 


as 
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The results of the study have already proven useful in formulating policies at the 
“tactical” level, and have also illustrated major weaknesses in some candidate 
“strategic” policies. 

Decisions on what risks to accept and what to protect against in missile/space 
vehicle testing are some of the most difficult in the field of public safety. There is 
very little valid statistical data available on which to base risk estimates; many 
tests pose low but finite risks on non-participants (including foreign peoples); and 
accidents occurring from unusual, little understood causes evoke strong, even 
traumatic, reactions from groups. These and other factors make the problem 
complex. 

The paper discusses the nature of the range safety problem, the approach taken 
in the OR study, the results obtained, and tentative conclusions to date. 


Al.e. Aircraft Landing Rates for Random vs. Controlled Arrivals: A 
Comparison Based on Probabilities of Missed Approach, R. У. MORSE, 
T. W. Соххошт, Control Technology, Inc., 188 Nassau Street, Princeton, №. J. 
An analysis is made through comparison of the probabilities of violating sefe 
separation criteria on the common path for random and controlled arrivals in a 
terminal area air traffic control system. A statistical model is developed for com- 
puter solution of the probability of separation violation between two aircraft (re- 
quiring a wave-off or missed approach of the second aircraft) as a function of the 
standard deviation of the control exercised on the aircraft, the minimum separa- 
tion standard, and the nominal separation between the aircraft. A common base 
is developed for comparing the separation violations of controlled arrivals with 
those which would occur if arrivals were allowed to enter the terminal area in 
random fashion according to a Poisson distribution. It is demonstrated that, for 
all arrival rates of interest, the controlled arrival case is significantly superior even 
if only very coarse control is exercised. It is further demonstrated, through in- 
terpretation of graphical results, that the ratio of minimum to nominal separation 
and the degree of control exercised must be critically specified to keep the number 
of separation criteria violations down to a tolerable level. 


Al.f. Analysis of Sequencing and Scheduling Methods for an Au- 
tomated Air Traffic Control System, М. W. Hans, А. S. Jackson, Conirol 
Technology, Inc., 1282 Belmont Avenue, Long Beach, California 90804. 

An automated air traffic control system requires the specification of an efficient 
method for sequencing and scheduling arrivals and departures at airports. This 
paper reviews a study which utilized a digital computer to evaluate three proposed 
sequencing and scheduling methods. The most efficient of these methods was 
recommended for implementation and comprehensive real-time simulation on the 
Federal Aviation Agency’s experimental test-fed facility. The three methods 
considered are: 

1) Estimated time-of-arrival (ETA) sequencing with variable time interval 

scheduling; 

2) ETA sequencing with time-slot scheduling for arrivals and estimated-time- 

of-departure (ETD) sequencing with variable time interval scheduling for 
departures; 
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3) speed class sequencing with variable time interval scheduling for arrivals 
and ETD sequencing with variable time interval scheduling for departuxes. 
The paper further describes the model which was computer implemented, the 
logics representing each of the three sequencing and scheduling methods, the Monte 
Carlo approach used, the effectiveness measure based upon operations rates and 
delays, and, finally, the results and conclusions obtained from the study. 
Of the three methods considered, it is shown that speed class sequencing with 
variable time interval scheduling for arrivals and ETD sequencing with variable 
time interval scheduling for departures is the superior method. 


Al.g. Target Damage Assessment: A Comparison of Two Strategies, 
Н. C. Ѕвввіма, General Electric Company—Missile and Space Division, Ad- 
vanced Space Projects Department, Operations Analysis, Р.О. Box 8661, Phila- 
delphia 1, Pennsylvania. 

The complete or partial information feedback on the effectiveness of a target 
attack can be used to reduce the force needs to meet an attack objective. Thus, 
the effectiveness of one salvo can be determined and the results used to compute 
the second salvo requirement to achieve overall ninety percent target neutraliza- 
tion. The sum of the weapons used in two salvos will be less than those for a 
one-salvo strategy designed to meet this objective. These generalizations are ap- 
plicable to any combination of ground and/or space basing for the target and launch 
point. The analysis in this paper considers two partial information return systems: 
the first, reporting merely whether minimum guidance accuracy was achieved; the 
second, reporting the same as the first plus weapon reliability and penetration of 
enemy defenses. The use of either system shows advantages over an attack with 
no interim damage assessment. The value of either system is dependent upon the 
specific probability values of weapon survival and achievement of minimum guid- 
ance accuracy. It is proved that continuous firing with the first system offers 
merely a minor improvement over a two-salvo strategy. 


Al.h. Metri—Theory and Concept, У/плллм J. Huser, Clark, Cooper, 
Field & Wohl, Inc., The Pan Am Building, 200 Park Avenue, New York 17, 
New York. 

METRI (Military Essentiality Through Readiness Indices) is a technology to 
quantitatively measure and report on the readiness of military units to carry out 
defined missions and to provide a valid basis for decision-making in the functions 
of command, control, and planning. Although the technique has been developed 
for Navy use, the basic concepts are applicable to other services and to industry. 
This paper describes the basic concepts and theory of METRI. 

METRI is a structured, or network, technique used to relate, quantitatively, 
the functional elements of a force unit. It considers personnel, equipment, and 
supplies, as well as measures of capability such as performance, reliability, and 
maintainability. The relationship between METRI and other network techniques, 
such as PERT and signal flow diagrams, is discussed. The mathematical models 
developed for treatment of personnel, reliability, etc., are also discussed. 

To date, this technique has been successfully applied to the structuring of one 
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destroyer. The model is undergoing extensive sensitivity testing and is beinz 
applied to management decision problems in the fields of inventory, maintenance, 
personne], design, and budgeting. 


Ali. Metri—A Structured Approach to Management Information Sys- 
tems, DANIAL J. Austin, Clark, Cooper, Field & Wohl, Inc., The Pan Ат 
Building, 200 Park Avenue, New York 17, New York. 

The underlying approach of METRI (see the Huber abstract, above) is the сов- 
struction of an engineering model which represents the force unit from its assigned 
missions down through functional systems and subsystems, components, and itenss 
of support in а successive dependency tree structure. All elements of the force unit 
—men and machines—are linked together to show their proper functional relation- 
ships in performing defined tasks. The contribution of each element to its next 
hierarchy can be expressed numerically and can be computed in terms of its е85е2- 
tiality to the readiness of force units to perform various missions. The output isa 
readiness index оп а 0% to 100% scale. 

METRI is flexible, in that the model can be limited in depth and scope, to забіз у 
interim reporting requirements as may be significant to various levels ої decisioa- 
making. It is further versatile enough to go into complete depth and detail for 
each individual unit or combinations of units or combination of military forces. 


Al.j. Computer-Assisted Simulation of Supply and Related Systenss, 
Jimer В. КемРЕВ, Technical Operations Research—Combat Operations Ee- 
search Group, Logistics Studies Field Office, Р.О. Box 6176, Fort Lee, Virgiria 
28801. 

This simulation involves the comprehensive inclusion of the major factors aszo- 
ciated with a logistic system. It consists of six modular components: а stochaszic 
Monte Carlo Combat Model which provides the consumption of manpower aad 
equipment; a Supply Model which simulates the supply activity; a Scheduled 
Consolidation Model; а Transportation Allocation Model which assigns an app-o- 
priate mode of transportation; a Transportation Network Model which provides 
the most appropriate time-distance routes for the movement of supply; and a Depot 
Inventory Model. The simulation is designed to accept parameter changes from 
players in each of the major areas outlined above. It is designed to simulate a 
twenty-four hour day in approximately two hours of computer time. 


ALk. A Budget Model For Procurement of Army Equipment, СнаАвокб 
S. Млтнеку, US. Army—Deputy Chief of Staff for Logistics, Data Proceseng 
Center, Logistic Planning Division, Radford Terminal DDPCT-P, Rodfcrd, 
Virginia 84141. 

The Army budget for procurement of equipment and missiles is a major part of 
the total Department of Defense budget. In setting the level of this budget, the, 
decision-makers, by considering force requirements, assets, losses, procurement, 
and mobilization production, generate shopping lists which will maximize the 
readiness position of the force. In doing so, it utilizes such factors as production 
capability limitations and the consumption of the civilian economy. By emplpy- 
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ing this model and using а variety of forces and budget limitations, it is possible 
for the Army to compute a variety of options of readiness versus budget. 


Al. Some Uses and Limitations of Cost-Effectiveness Analysis in Mili- 
tary Decision-Making, Упллам Gropowrrz, Headquarters U.S. Air Force, 
Directorate of Aerospace Programs, Washington 25, D. C. 

Some of the limitations of cost-effectiveness analyses, as employed by the mili- 
tary, are discussed. These include, for example, planning factors, strategy, tech- 
nological and statistical uncertainty, as well as the complexity of costing and 
analytic uncertainty regarding the determination of effectiveness of multi-faceted 
weapons systems and forces. Some conceptual and analytic solutions to these 
difficulties are described. An example is provided as a vehicle by which some 
economic and analytic considerations, involved in military cost-effectiveness 
analyses, are illustrated in detail. 


Al.m. Multi-Level Inventory Systems: The Case of Spare Aircraft 
Engines, Огоквр Новкзтвл, (7.5. Army—Frankford Arsenal, Philadelphia, 
Pennsylvania 19187, Attention: SMUF A-8080. 

Military supply systems usually exhibit a multi-level structure, i.e., stockage 
points at the top of the pyramid (depots) do not directly serve equipment users 
but have customers which are themselves stockage points. 

The objective used in “optimizing” depot level inventory control procedures 
for items with low demand rates (e.g., spare parts) is usually of the form: minimize 
the total cost of providing a specified level of service to the depot customers. The 
problem lies in specifying the level of service, expressed in terms of statistics such 
as the fraction of time in-stock or the average customer waiting time that should be 
given to the next lower level. It is difficult, for instance, to determine the effect 
on the ultimate user and the total system cost if depots maintain a higher level of 
inventory, thereby providing better service to their customers. 

Little work has been done on the distribution of a given total inventory over 
different levels of stockage points in the general case. However, some systems, 
because of their special structure, lend themselves more readily to analysis. This 
paper presents the computational results obtained for a bi-level circular supply 
system for aircraft engine spares. It is shown that the overall system performance 
is very sensitive to the distribution of inventory over the two levels and that maxi- 
mal system performance is obtained with a surprisingly small amount of inventory 
at the higher level. 


A2.a. Developing a Sellout and Returns Policy for the Distribution of 
Newspapers. Nicnoras J. RADELL, Cresap, McCormick and Paget, 100 Mon- 
roe Street, Chicago, Illinois 60608. 

The primary income source of most large metropolitan newspapers is advertising 
and circulation revenue. The profits due from both sources of revenue are directly 
related to the number of newspapers returned and sold each day. The paper will 
discuss the difficulties, approaches and inter-relationship involved in setting an 
optimum sellout and return inventory policy for a large metropolitan newspaper 
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primary distribution channels through neighborhood newsstands and dealers. It 
will also reflect upon the many difficulties involved in translating а, management 
policy into a working inventory control system. 


A2.b. Balancing Accuracy and Simplicity in Determining Reord=r 
Points, Josera A. Hunt, Ernst and Ernst, Union Commerce Bldg., Clevelard, 
Ohio 44114. 

Many methods have been developed to determine optimum reorder points in an 
inventory system. These methods are based on a wide range of inventory models, 
ranging from elementary deterministic ones to sophisticated probabilistic models 
with time-varying parameters. This paper deals with two topics related to -e- 
order point calculation which were encountered while designing an inventory srs- 
tem for a firm in the heavy goods industry. The savings obtained by using the 
more complex simultaneous solution for reorder point and order quantity ratker 
than the simpler separate solution are presented as а percent of the expected аппса] 
inventory cost. For many items these savings were not sufficient to justify the 
more complex procedure. Also, the effect of batch withdrawals on the order quen- 
tity is described. These withdrawals introduce another item into the total ех- 
pected-cost equation—the revised equation can then be solved for the new reorcer 
points. Both topics will emphasize the need for methods of evaluating potential 
savings from various levels of model sophistication. 


A2.c. The Economic Sizing of Warehouses—A Comparison of Evaluation 
Models, С. Е. Hancock and H. Е. Квлемев, General Mills, Inc., Minneapo-is, 
Minnesota 56440. 

The optimum multi-product warehouse size is frequently determined from a 
consideration of the economic re-order quantities (EOQ) of each of the products 
to be serviced by the warehouse and an estimate of the minimum or safety stock. 
From this elementary EOQ model, an optimal solution set can be obtained; this 
solution, however, is shown to be only a sub-optimal set with reference to the gcals 
of the entire corporation. 

A proposed alternate, and possibly more rigorous solution, is obtained by con- 
sideration of the cash flows of the entire corporation as the objective function. 
Maximization of this function yields an optimal solution set characterizing the 
sizing of the warehouse and the optimum re-order levels. The utilization cf a 
corporate discounted cash flow model allows for the inclusion of a dynamic chazac- 
teristic in the warehouse evaluation and permits the establishment of a base for 
future evaluations of expansions and modifications. 

In this paper, a corporate discounted cash flow model is derived which allows 
the evaluation of several factors which are not normally considered in an EOQ 
model. In particular, the cash flow model considers alternate uses for the ware- 
house, opportunities for outside warehousing, and alternate corporate opportunities 
for investment in assets other than warehouses. This model assumes that maxi- 
mization of cash flow is a desired corporate goal and that treatment of expeases 
and fixed costs under this concept is acceptable. 
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A2.d. Results of Computer Simulation of Trading in May Wheat using a 
Triple Exponential Smoothing Model, W. S1ixagr, P.O. Вох 936, Minne- 
apolis, Minnesota, and А. GUGGENHEM, Р.О. Box 828, Canoga Park, California. 

A computer simulation of trading in the May Wheat Commodity future contract 
was performed on price data extending from 1957 to 1964. А linear second order 
differential equation was fitted to the data using triple exponential smoothing. 
Several values of the smoothing constant were investigated. The decision rule 
for entering either a short or long position required that the predicted acceleration 
for the next day exceed a specified constant. An alternate rule using the velocity 
was also investigated. A comprehensive range of values of the input constants 
was used. 

The simulated transaction was carried out on the day following the computation 
of the decision signal. The simulated price for buying or selling was determined by 
averaging the high, low and closing prices on the transaction date. Numerical 
results will be presented and comments on operational and statistical problems of 
the commodity speculator will be discussed. 


A2.e. Adaptation to Production Innovation: A Model, Nicuoras Barorr, 
‚ Graduate School of Business, University of Chicago, Chicago 87, Illinois. 

This paper reports the empirical development of a quantitative model that may 
be used to predict the large, prolonged changes in manufacturing productivity 
that have typically accompanied the introduction of a new product or a new produc- 
tion process in several capital-intensive industries. It will be shown that the model 
provides a very efficient “explanation” or "Бр? of the productivity improvement 
curves that have accompanied over thirty different product or process innovations in 
several different industries. 

This research has antecedents in past studies of the “firm progress" or “learning 
curve” phenomenon in several labor-intensive industries. It departs from these 
previous findings in that the manufacturing processes considered are highly mecha- 
nized or automated, whereas learning-curve research has been largely restricted to 
labor-paced, manual-assembly types of manufacture. As a consequence of this 
different focus, the present study appears to document an essentially cognitive 
adaptation phenomenon. Furthermore, the results suggest a promising solution 
to the problem of model parameter prediction that has plagued past applications 
of the learning curve. 

When aggregated with the findings of learning curve research, the results of this 
study prompt interesting speculation about the existence of a general pattern of 
human adaptation to task innovation that holds for many ostensibly different 
industrial tasks. 


A2.f. An Analytical Concept for the Selection, Flow, and Transference 
of Technology in а Large Electronics/Aerospace Firm, Вовевт R. KLEY, 
Bendix Systems Division, Bendix Corp., Ann Arbor, Michigan. 

The basic functions of any firm can be separated into 3 major classifications which 

are planning, control, and operations, the time span of decision being the separating 
variable. In the planning sector, the three basic factors of importance are the 
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methodologies and concepts used to relate and integrate corporate Strategy, Struc- 
ture, and Policies. As the physical size of a firm changes, possibly accompanied Бу 
shifts in customer and market orientation, the combinations of strategy, structure 
and policies change. 

In the electronics/aerospace industry, these three factors readily translate into 
(1) a process for selecting market areas as well as developing a technological r3- 
source base for a firm, and (2) a process of ensuring that this technological activity 
is embedded in an environment which will permit an intra-firm flow and transfe-- 
ence of technology. For the selection process, a method is presented which d2- 
velops a technique for establishing a physical cross-sectoral relationship between 
the military and commercial markets using a unique tree diagram and matrix a2- 
proach. A related concept for developing technological flow and transference is 
developed using a Shannon-Weaver Communication model. A composite orgaa- 
ization structure model correlating all of these factors is also developed using a 
small group behavior, linking pin, and decision model. 

This eclectic, synergistic approach is designed to achieve economies of seele 
through optimal use of vertical, horizontal, and circular integration in a technology 
oriented industry. 


A2.g. Measure of Capital Investment in Professional Knowledge, J. 
Мовіжу Eneuisx, Dept. of Engineering, University of California, Los Ange es 
24, California. 

The growth of United States enterprise has been closely coupled with capi-al 
investment. In the past, this was largely related to physical assets. However, 
at present the significant capital investment is in knowledge. Accounting prec- 
tices fail to identify this capital and, аз a consequence, a rational approach to bud- 
geting for maintenance of such capital has been missing. It is shown how suck a 
measure may be established. The method determines the capital investment in 
knowledge, both collective and individual, which benefits the firm. The nature of 
the depletion of this knowledge component of investment is discussed. А metkod 
for budgeting capital for maintenance and growth of knowledge capital is proposed. 
It is shown how this might relate to the overall capital budgeting exercise. 


A2.h. Research Project Selection: Where We Stand, Norman В. Barer 
and Уплладм Н. Pouwp, Dept. of Industrial Engineering & Mgmt. Sciences, 
Northwestern University, Evanston, Illinois. 

The fields of Operations Research and Management Science have proposed sclu- 
tions to some of the pressing problems of research management. In particu.ar, 
within the last few years, several approaches have been suggested for structuring 
and solving the problems of research project selection. A review of some of tkese 
approaches suggests that except when the procedures were developed and imple- 
mented within a company or organization requiring their use, few if any of these 
proposed methods have been put into operation. Thus it becomes of interes to 
investigate the feasibility of implementing the proposed methods. 

Three project selection methods of varying mathematical sophistication—renk- 
ing, economic formula, and dynamic programming—are reviewed and discussed 
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as typical examples of what is being proposed in the literature. The main diffi- 
culties discussed аге: 1) the question of the existence of the required data and the 
eost; of collecting it, 2) the sources and effects of estimation errors, 3) the number 
and complexity of projects which must be evaluated, and 4) the parameters not 
considered. All of these difficulties place restrictions on the applicability of the 
methods. 

Some of the implications for future Operations Research-Management Science 
efforts are discussed. Specifically, it is argued that the burden rests on OR-MS 
to demonstrate the value of these proposed methods. 


А24. Playing the Profit Edge in Planning Research and Development 
Expenditures, PAuL Е. Weaver, The Service Bureau Corporation, 425 Park 
Avenue, New York, М. У. 10022. 

Recent events have indicated the need to tie-in research and development ex- 
penditures and the needs of the market place. This paper presents analytical 
techniques for determining the varying levels of marketing needs for each new 
research and development opportunity as well as an analytical model for “playing 
the profit edge” in selecting the most profitable research and development expendi- 
ture. 


A2.j. Regression Analysis: A Tool for Costing and Budgeting, M. J. 
ОС ланах, Magnetic Product Division, ЗМ Company, Hutchinson, Minn. 

By use of Regression Analysis it is possible to derive equations that can be used 

for: 

1. Arriving at optimum levels of cost by alternating levels of activities within a 
unit, department, or the total company in cooperation with other “models” 
(Simulation). 

2. A practical tool for economic studies (case studies). 

3. A practical tool to arrive at budget estimates (long term or annual budget 
preparation). 

4, Establishing a computed constant cost and supplying each incremental (or 
marginal) cost for the significant activities which are forecasted to occur. 

In practice, the method makes use of the following basic statistical techniques: 

1. Regression Analysis 
a. Least Squares Linear Regression 
b. The Doolittle method of solving multiple correlation. 

2. The Control Chart 

Some remarks will be made pertaining to training of accountants and their staff 
in this area of Applied Statistics related to accountancy. 


A3.a. Personnel Assignment Decisions, Уплядм В. Kine, Case Institute of 
Technology, University Circle, Cleveland 6, Ohio. 

A class of personnel assignment decision problems involving predictions of quali- 
tative performance measures is considered in terms of the existence of optimal solu- 
tions and conceptual solvability under various conditions on the performance pre- 
dictions and relative values involved. Treatment is also given to an assignment 
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situation often appearing in the context of research management—one in which 
job manpower requirements are not integer valued. 


A3.b. А Heuristic Approach to the Location of Multiple Facilities to 
Serve an Area, V. CLAYTON Larrerry, Midwest В & D, United Parcel Serv- 
ice, 1400 South Jefferson Street, Chicago, Illinois 60607. 

Most available techniques for the location of multiple facilities to serve an atea 
are dependent upon (a) reasonably small number of fixed points to be served to be 
computationally feasible ог (b) a continuous function to represent the distribution 
of work. The computing algorithm presented searches for “locally optimum” 
combinations of facility locations and subdivision of the area. Any discrete cis- 
tribution of expected work per unit area can be handled. The criterion of opti- 
mality used is the minimum total weighted grid distance between the unit areas 
and the facility to which each is assigned. The total weighted grid distance is 
decreased by alternately assigning unit areas to the nearest facility and mov-ng 
these facilities to the centroids of work for the assigned unit areas. Ultimately 
both conditions are satisfied simultaneously and the facility locations are movec to 
a new starting position in search of a new “local optimum.” The search pattern 
does not guarantee finding the globally optimum combination of facility locations 
and area subdivision. However, it is economically feasible to find enough “Iccal 
optimums” to estimate the likelihood of a significantly better solution than the 
best solution found to date. 

The algorithm is sufficiently simple that small problems (e.g. locating tkree 
facilities in an area composed of one hundred unit areas) have been hand calculeted 
using а comptometer and slide rule. As presently programmed for the IBM 1-01, 
up to twenty facilities may be located simultaneously. The only practical limita- 
tion on the area is the time required to compute each “local optimum." 

This technique has been used to provide management with information а) indi- 
cating “good” localities in which to investigate the availability of facility sites. b) 
aiding in the evaluation of alternate available facility sites and c) reviewing exisdng 
facility locations and the area served by each as the work distribution chanzes. 
The application of this technique in two metropolitan areas and one complete s:ate 
are discussed briefly. 


A3.c. The Multifacility Production-Distribution Problem with Non- 
linear Production Costs, J. Frank Smarr, College of Engineering, Rutzers, 
The State University, New Brunswick, New Jersey. 

The multifacility production-distribution problem (MPDP) with linear produc- 
tion costs at each factory and linear transportation costs can be set up and so.ved 
as a standard linear programming transportation problem. With nonlinear produc- 
tion costs this becomes a nonlinear programming problem. This paper uses the 
Kuhn-Tucker conditions and the dual of the transportation problem in order to 
develop the conditions for an optimal solution to the nonlinear MPDP. For the 
most general case these conditions are only necessary since there may be se~eral 
local optima. However, for the case of nondecreasing marginal production costs 
these conditions are both necessary and sufficient. Also, it is shown that for a 
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nondegenerate optimal solution the conditions are greatly simplified. An algorithm 
has been developed for this problem. Other MPDP models with varying assump- 
tions have been set up. 


A3.d. Programming by Questionnaire, ALLEN б. GiNsBERG AND Harry М. 
Markowitz, The Rand Corporation, 1700 Main Street, Santa Monica, California. 

The authors have developed a Job Shop Simulation Program Generator (JSSPG) 
to illustrate the feasibility and desirability of the Program Generator approach. 
The present paper describes the JSSPG in particular, and considers the applica- 
bility of Program Generators in general to model building and programming. 

The user of the JSSPG specifies which of 148 statements about job shop models 
are applicable to the particular model he wants to generate. These statements 
are concerned with the nature of the arrivals, routing, and process times of jobs, 
decision rules for job dispatch and resource selection, the existence of shift changes, 
absenteeism, etc. The Generator produces a job shop computer program with the 
desired features. The present JSSPG, intended as a test and demonstration of 
the Generator approach rather than as a definitive Job Shop Generator, does not 
include various features such as lot splitting, lap phasing and alternate routing. 
It can, nevertheless, generate a great variety of job shop programs, including many 
that have been used in practice. 

Although millions of programs are obtainable by combinations of the 148 state- 
ments on the questionnaire, the work required to develop the JSSPG was more 
like that required to build a few large models rather than like building millions of 
models. This was accomplished by means of: 

(a) a “program source” which includes all the commands which may be needed 

in the construction of any of the programs; 

(b) a set of “decision tables” which specify which commands are to be included 
in the generated program, based on the statements selected from the question- 
naire; and 

(c) an “editor” which processes the questionnaire, program source, and decision 
tables. 

The user sees only the questionnaire. The program source and decision tables 
are constructed once, when building a Generator for a new application area. The 
“program source” for JSSPG is written in the SIMSCRIPT language, which permits 
easy modification of the generated program in cases where the Generator can pro- 
vide a model which is almost, but not quite what the user wants. 

As in the job shop area, a Program Generator can be developed for any applica- 
tion area, of wide interest which requires programs with many variations on a basic 
theme. 


АЗ.е. Establishing Techniques to Determine the Quality of Business 
Measurements, Ernest H. Winwurm, Depaul University, College of Com- 
merce, 25 East Jackson Boulevard, Chicago 4, Illinois. 

This is a follow-up of a previous paper (Quality Control of Business Measure- 

ments, presented at the meeting of the Institute of Management Sciences at Pitts- 
burgh, Pennsylvania, March 1964) which emphasized the urgent need for a “quality 
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contro!” of accounting data. In addition to strict segregation of actually measured 
and estimated data, the deviation of accounting data from established standards 
must be determined. Appropriate techniques for computing these standards as 
well as acceptable deviations under various conditions will have to be developec. 

A survey will be made of statistical techniques which have proven themselves in 
other fields to examine their adaptability in the accounting area. It can be expectad 
that a combination of established and novel procedures will be required to аяп 
the desired results. Examples for applications on specific accounting situations 
will be provided to demonstrate the feasibility of the selected approach. 

It is the main purpose of the paper to initiate a discussion of this all-important 
subject matter which has been sadly neglected by accountants until now. 


A3.f. Directed Network Operating Cost and Design Criteria, В. В. 
МобСівілах, 24288 Welby Way, Canoga Park, California. 

This paper discusses the following topics as related to Directed Network; (PERT, 
СРМ, etc.), technology: (1) The computation of directed network operating costs 
when specific user cost information is available. (2) Estimating the number of 
real activities, justified on an economic basis, in a directed network when operating 
cost and project-user information is known, or can be estimated. (3) Determining 
an ideal, envelope configuration for a given directed network when the number 
real activities and project dollar flow rates are known or can be approximatad. 
(4) The general application of these criteria to the analysis of vendor suppLed 
networks by the customer. 


A3.g. The Incorporation of Step Functions and Ramp Functions Inte A 
Linear Programming Model, В. Агул Ѕсноомев, JR., Arthur D. Lrttle 
Inc., Acorn Park, Cambridge 40, Mass. 

There exists a number of algorithms for solving linear programming problems in 
which some or all of the variables are required to have integer values. This paper 
describes a method for solving programming problems in which some of the variables 
are step functions of some other variable, as well. The method reduces the lazter 
problem to an integer or partial integer programming problem which can be solved 
by existing algorithms. 


A3.h. A Confidence Interval Estimate for System Availability, Навого I. 
Јлсовѕом, The Boeing Company, Seattle, Washington. 

To all realizable systems can be ascribed the characteristic of being in one of two 
states at each instant of time. Generally, only one of these states is considered 
desirable, so that the system quality can be characterized by the availability of 
that state. This is defined by the limit, under convergence in probability and as 
the duration of observation increases without bound, of the fraction of the okser- 
vation time spent by the system in the desirable state. This limit will exist for 
most real systems. An interval estimate of state availability is obtained here. The 
interval estimate is exact for all sample sizes, for systems in which the durations of 
the two states follow exponential distributions. Where the state durations fcllow 
other distributions, the interval estimate is asymptotic with sample size, anc in- 
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volves the coefficient of variation of each distribution. For some distributions 
these coefficients have known values; for other distributions these values must be 
predicted. The value of the proposed interval estimate in the latter situation 
derives from the existence of ап analysis coupling errors in values predicted for 
the coefficients of variation to the determination of whether the interval estimate 15 
optimistie or pessimistic. 


A3.i. Analysis of Decisions with Incomplete Knowledge of Probabilities, 
PETER C. Кізнвовм, Research Analysis Corp., McLean, Virginia 22101. 

This paper discusses the application of personalistic decision theory in a typical 
setting of decision making under uncertainty. The criterion for choice of strategy 
is maximization of expected utility. In this setting it is often difficult to obtain 
very precise measurements of the decision maker's probabilities on the states of 
nature and of his utilities of consequences and strategies. Here we pay particular 
attention to several “imprecise” measures of probability, including sets of inequali- 
ties and bounds, and see how this information may be used in trying to determine 
an ordering or partial ordering of the expected utilities of the alternative strategies. 
At the end of the paper we note how, in practice, one may try to obtain the meas- 
ures of probability presented herein. 


A3.j. Time Development of Stochastic Systems, HERBERT В. Roseman, 
Mitre Corporation, Bedford, Massachusetts. 

This paper presents an attempt to apply quantum mechanical formalism to 
represent the time development of stochastic systems. The results of the paper 
are applicable to all stochastic systems representable by discrete probability dis- 
tributions and to systems described by continuous distributions whose square 
roots are differentiable any number of times and have all derivatives of the order 
of |z|" (є is the random variable of the distribution) for all М. 

The paper begins by defining the vector spaces necessary for proving the following 
theorem: The time development of the above stochastic systems can be repre- 
sented by a unitary transformation of a probability state vector in the defined 
vector spaces. This transformation, which is induced by а unitary operator, is 
simply a rotation of the state vector. Next, unitary operators are defined which 
represent changes in stochastic systems for causes other than the passage of time. 
An equation for describing the time development of these operators is then derived 
and the paper is concluded by two examples. 


A3.k. Physical Systems Analysis of Socio-Economic Situations, J. В. 
Вилле, Department of Electrical Engineering, University of Waterloo, Waterloo, 
Canada. 

The analysis of physical systems of any kind (eg. electrical, mechanical, 
hydraulic, mixed, etc.) by a direct procedure not involving “electric network 
analogs” has recently become possible. The analysis of certain non-physical 
systems is also amenable to the powerful analytical tools and methods of general 
system theory, such as linear graph theory, state-space equation models, general 
stability and optimization theory. 
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The paper will contrast the new physical systems analysis procedures with ex- 
isting modelling procedures, which often attempt to write down directly the solu- 
tion expression to a mathematical system model, with little attempt made to ex- 
ploit the properties of the component models and their interconnection. Tae 
important distinction between system variables and component parameters is 
shown. Examples of non-physical systems will include a state-equation model о: a 
church congregation, and a systems model of the outdoor recreation situation in tae 
State of Michigan. The role of standard linear programming techniques, opera- 
tions research techniques, factor analysis, etc. in systems analysis is shown, along 
with expected range of applications and limitations of the discipline. 


АЗ. Optimal Tracking of an Unknown Parameter Randomly Shifting in 
Gaussian Noise, Меку Ніхісн, Graduate School of Industrial Administ-a- 
tion, Carnegie Institute of Technology, Pittsburgh, Pennsylvania. 

This paper discusses the measurement of r(t), the rate of a certain chemical proc- 
ess when r(f) is not constant over time but shifts in a purely random manner. As- 
sume we writer(t) = 7, fort; € t < t where thet, occur in a Poisson manner with 
a known rate and observe the process by means of noisy measuring instrumerts. 
Thus, X( = r(é) + МО) where N(t) is Gaussian noise with a known covariance 
function. The objective is to estimate the r, and detect the times of change in 
r(t). This paper presents the results obtained in the case of low signal-to-ncise 
ratio. In addition a more general theory is developed for shifting parameters in 
noise. 


A4.a. Decisions under Uncertainty Involving Extremely Large Numbers 
of Possible Strategies and States of the World, MARK ALrANDARY- 
ALEXANDER, Division of Operations Analysis, United States Atomic Energy 
Commission, Washington 25, D.C. 

In connection with decisions concerning problems of national scope, extremely 
large numbers of possible strategies and states of the world appear to be the -ule 
rather than the exception. In this paper, a case is presented showing how one such 
problem was solved. Given boundary value and other constraints, it was possible 
to represent the enormous number of strategies and of states of the system by means 
of а continuous formulation. The values of the minimax regret solution were found 
to lie on the boundaries of the set of states of the system. 


A4.b. A General Computer Model for Spatial Diffusion Processes, Гов- 
"REST В. Prrrs, Geography Department, University of Oregon, Eugene, Oregon. 
This paper presents a general computer model for studying the process of secial 
communication over space. The model is based upon the work of Hagerstran at 
the Royal University of Lund (Sweden) and incorporates several new and flexible 
features. It is applicable to odd-shaped areas with barriers to communication, and 
incorporates an analytic solution (Omega program) to accompany the main Monte 
Carlo simulation program. The model is capable of predicting spatial distribu-ions 
of both expanding and declining populations, and is amenable to programming the 
study of idea and innovation diffusion in underdeveloped areas, in areas of «om- 
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peting populations, and where only small amounts of communication exist between 
status groups, e.g., castes. A Fortran IV write-up of the model will be presented. 


А4.с. Systems Evaluation of Transportation Planning Procedures, У. К. 
HaNpA AND W. А. McLavanum, Department of Civil Engineering, University 
of Waterloo, Waterloo, Ontario. 

Transportation planning is assuming great importance in our ational economy. 
Unfortunately, little is known about the complete procedure of transportation 
planning from the inception of need to the completion of a transportation study. 
Little is known about the exact quantitative effects of the decisions taken by the 
various parties—city councils, highway departments—involved with and responsible 
for a transportation plan. A systems approach should prove fruitful in determining 
the interrelationships of the various parties and their effects upon the overall plan- 
ning process. 

It is quite conceivable that the study will provide leads to decisions of a legisla- 
tive and managerial nature. The study should in addition provide a more economi- 
cal solution to the whole process of urban transportation planning. 


A4.d. Models of Commercial Bank Decision Making, and their Inter- 
relatedness with Monetary Policy, Epwarp Sussna, Graduate School of 
Business, University of Pittsburgh, Pittsburgh 13, Pennsylvania. 

The research described here proceeds from two major assumptions: 

1. Management science methods can be useful in solving problems of national 

economic policy, and, 

2. Our understanding of the behavior of institutions will be improved if we dis- 
aggregate, because of the non-linear, heterogeneous behavior of the many decision 
units in the study. 

The strategy then is to relate a series of outputs (i.e., bank decisions on loans 
and investments) to & number of inputs (e.g., Federal Reserve policy, relevant 
economie conditions, interest rate, etc.). Several different models have been 
developed to reflect various classes and sizes of commercial banks, and consequent 
differences in their environments and internal management objectives. 


A4.e. Determining the Optimal Number of Volumes for а Library’s 
Holdings, В. W. TROESWELL, University of Massachusetts, Amherst, Massa- 
chusetts. 

One of the problems that faces national progress is that of coping with the in- 
creased amount of information. It is particularly evident in the need for adequate 
and efficient library systems. Much work has been done in the information re- 
trieval area but no real breakthrough has occurred. In the meantime libraries are 
continually increasing in size and in terms of the number of holdings in the library. 
The increased size leads to difficulties in using the library and to greater operating 
and construction costs for the library itself. 

This paper is directed toward those libraries whose primary purpose is to serve 
the needs of the majority of its users. It must be realized that certain libraries 
have for their very purpose of existence the service to a very small group of special 
ized individuals who are locking for rare or specialized fields of information. 


— 
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It is.possible through sampling of current circulation to develop a criterion fer 
defining and selecting those books that should be included in the library’s holdings 
such that over 99 percent of the user circulation requirements can be satisfied. The 
technique based on last circulation date for the books in the library's holdings ard 
in current circulation offers a relatively easy to use criterion that can be applied 
by non-professional library workers. Preliminary data collection at the Deering 
Library of Northwestern University has indicated that approximately 20-45 per- 
cent of the present holdings would satisfy 99 percent of current circulation require- 
ments. Thus, it might be possible to reduce the holdings by a considerable amount 
making for ease of use and also reduce the need for expansion of the current stacks. 
It might also be possible through this technique to develop weeding or thinning 
criteria for use by librarians. ‚ 


A4.f. The Diplomat, International Economist and International Busi- 
nessman of the Future: His Information Environment, Јонм У. 
ZUCKERMAN, Graduale School of Business Administration, University of Sowh- 
ern California, Los Angeles, California 90007. 

Two hundred and sixty-eight foreign service posts outside the United States ere 
the originating points for vital information of a diplomatic-economie-commercial 
nature which is processed by several central stations in Washington for distribu- 
tion to thirty-six government agencies and to public. Twenty million messages a 
year, one to thirteen pages in length pass through this system. 

The system is being managed by techniques which became obsolete in 1950, 
when the first world-wide computer based logistics system was installed in she 
Defense Department. The military establishment has far outstripped our peace 
organizations in this respect. 

What if management science were applied to this system? We will examine 
the information and decision-making environment of the diplomat, internaticnal 
economist and international businessman provided with the results of a system 
development program comparable to those in use in weapons system and space 
system operations. 

A methodology is suggested to accomplish the desired result, and areas for re- 
search and future application of management science are explored. 


A4.g. Management Sciences and Ethics, СховсЕ В. Desr, Westinghwuse 
Electric, Electronics Division, Вох 1897, Baltimore 8, Maryland. 

The management sciences are providing powerful tools to aid in decision-making. 
Ethical considerations, either as it affects decisions, or as it may be influencec by 
decision aids have been neglected. 

Management scientists and managers must do some soul-searching to decide 
the extent of the manager’s obligations to groups (e.g., employees, consumers, ete.) 
other than the organization which he serves. If, as some management wr ters 
claim, he has no other obligations, the more powerful the tools available to rim, 
the more likely is he to become a menace to society. 

With the use of large-scale computers and the “opinion surveys" of the social 
scientist, ethics may soon find itself an entry on a “Risk and Pay-Off? matrix! 
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A4.h. Nonpartisan Political Redistricting by Computer, 8. W. Нез8 
and J. В. Weaver, Atlas Chemical Industries, Inc., Wilmington, Delaware 
and Н. J. Smersipt, J. N. У“нкгАн, and Р. A. Дітьло, Engineering Depart- 
ment, Е. Г. du Pont de Nemours & Co., Inc., Wilmington, Delaware. 

О. R. Analysts with Delaware’s Committee of 39—a nonpartisan good-govern- 
ment group—have solved redistricting problems for the Governor’s “Committee 
to Study Reorganization of the Government of New Castle County.” 

A “warehouse-location” heuristic maps compact and contiguous districts of equal 
population. The minimization criterion and measure of compactness is population 
moment of inertia—the summed squared distances separating people from their 
own district’s center. This method of districting has further application when 
legislative impasse or indifference forces federal courts to intervene. 


A4.i. Тһе Role of Mathematical Models in Education Research, ROGER 
С. Бснвоковв and Gustave J. Ratu, Northwestern University, Evanston, 
Illinois. 

Current crises in education have focused the energies of management scientists 
on educational research. To deal with the diversity of problems in education a 
hierarchy of models is proposed. Three levels of modeling, the “universe”, “func- 
tional”, and “microscopic” levels are defined. 

At the universe level, models are required to deal with a diversity of goals and 
institutions. At the microscopic level, many factors and difficulties in measure- 
ment are experienced. However, mathematical models can be more easily de- 
veloped at the functional level. Some recent work at this level will be reviewed 
and several problems which might be analyzed by mathematical models will be 
proposed. In addition, methodologies required to open new areas will be discussed. 


A4.j. Long Range Planning in Mental Health, Вовевт J. HUNTER and 
JEROME E. Scaner, Smith Kline & French Laboratories, 1500 Spring Garden 
Street, Philadelphia, Pennsylvania 19101. 

As a result of federal mental health grants-in-aid of 4.2 million dollars to support 
comprehensive mental health planning in the states, Pennsylvania initiated the 
development of a Comprehensive Mental Health Plan in mid-1963. A funda- 
mental objective of this comprehensive plan is the development of short and long 
range goals for a mental health program concerned with the needs of all of the 
citizens of the state. 

One major phase of the comprehensive plan involves the analysis of future mental 
health requirements and the resources which will satisfy these needs. Smith 
Kline and French Labs. volunteered the services of its management science per- 
sonnel to assist Pennsylvania’s Comprehensive Mental Health Planning Committee 
with some of the technical aspects of the planning process. 

This paper outlines a two part study of mental health planning conducted at 
Smith Kline and French Labs. One part of the study focuses on Pennsylvania’s 
113 Outpatient Psychiatric Clinics. The second part of the study deals with the 
future prospects for the application of management science techniques to long 
range planning in mental health. 
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In the clinic part, data processing was performed on individual patient reco-ds 
to provide a data base for forecasting future outpatient clinic patient loads. A 
heuristic method was developed to adjust the existing clinic patient forecasts in 
planning the subsequent location of new clinics. 

The appraisal of future trends in mental health planning revolves around zhe 
discussion of a comprehensive mental health computer model. Outlines of this 
model, which would represent the complex, interacting process of illness incideace 
and patient treatment, are presented. The potential usefulness of a compre- 
hensive model to mental health planners is discussed along with the problems of 
obtaining sufficient, valid data. 


A4.k. Employment Programming and Education Programming, JOHN 
S. MacDonatp, United Nations, New York, New York. 

Recent techniques of projecting growth of population of working age and growth 
of population of school age are examined, with special attention to Western Euro- 
pean and Soviet practice. These projections are then discussed in the ligh- of 
employment-unemployment trends, the ‘mix’ of skills required by the economy, 
and educational policy. Educational programming is examined in regard to re- 
duction of illiteracy, supply of specialized teachers, location of school plant, diversi- 
fication of curricula, and coordination of vocational preparation with the level and 
structure of employment. Interdisciplinary mathemaiical techniques, model 
building, and cost-effectiveness analysis are already established in employm=nt- 
and-education programming, but could profit by cross-fertilization with operations 
research. 


4.1. Solutions for Optimal Designs of Stochastic Learning Experimeats, 
Rosert E. DEAR, System Development Corporation, Santa Monica, California. 
One aspect of learning experiments that is under the control of the experimeter 
is the choice of the sequence in which stimulus materials will be presented to sub- 
jects. This choice is frequently referred to in stochastic learning theory as the 
choice of a stimulus presentation strategy (in automated instruction research. this 
is usually referred to as the choice of branching strategy). Given a mathematical 
model of a learning or teaching experiment and a teaching objective, one could then 
seek a presentation strategy which will optimally achieve this objective. Using 
models of learning experiments derived from one of the more prominent, cu-rent 
learning theories called stimulus sampling theory, we have solved for optimal Eayes 
stimulus presentation strategies for several different objectives. Dynamic program- 
ming procedures provide the basis for the solution for these strategies. We have 
been particularly concerned with computational aspects of obtaining these solu- 
tions since typically there are extensive stochastic dependencies inherent in shese 
learning models. 


Bl.a. An Econometric Analysis of the Effects ої Foreign Aid Upon Eco- 
nomic Development—A Case Study of Greece, IRMA ADELMAN and 
Hous В. ОнкмЕвү, Agency for International Development, Washington, D.C. 

The purpose of this paper is to investigate, quantitatively, the major effects of 
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foreign aid upon the growth of a developing economy. Foreign aid plays a dual 
role, being both а supplement to local savings and а net addition to foreign ex- 
change. Since the effects work themselves out throughout the economic system, a 
complete model is needed. One has been constructed for the Greek economy, 1951- 
1961; it reproduced remarkably faithfully the time paths of all endogenous variables. 
It can be calculated that the foreign-aid multiplier for the period was about 2.5. 
И the model were to continue valid until 1971, the rate of growth of the economy 
would slow down considerably (from 6% to 4%), and serious balance of payments 
problems would arise. It is concluded that an ambitious industrialization program, 
to substitute domestic production for imports, is needed if foreign capital imports 
are to be kept at reasonable levels with a growth rate between 4% and 5%. 


Bl.b. Public Goods and the Theory of Alliances, RICHARD ZECKHAUSER, 
Harvard University, Cambridge, Massachusetts. 

This paper treats the problem of an alliance from the standpoint of the economic 
concept of the public good. The paper is divided into theoretical and emprical 
sections; the analysis of the former being tested by the figures presented in the 
latter. By way of introduction, the rationale of alliances is discussed in connection 
with utility theory and the better known choice criteria of welfare economics. 
The implications of the spending of one member of an alliance for the welfare and 
spending of his allies are discussed in connection with indifference map analysis 
and the reaction curves of duopoly theory. 

At this juncture the analysis turns to the effect of various decision mechanisms 
on the purchase of public goods. The implications of different cost sharing and 
voting schemes are discussed. 

The conclusion of the theoretical section turns to a more measurable analysis. 
The expected burdens borne by each member of an alliance are related to the size 
of the member. It is shown that of two alliance members, one a small scale model 
of the other, the larger one will bear a more than proportionate share of the cost of 
а, public good shared by the alliance. 

Turning from our theoretical analysis to the statistics available for the defense 
spending of the NATO allies, it is shown that our hypothesis is borne out by the 
available data. Nations such as the United States, Great Britain, France, and 
West Germany spend a greater percentage of their GNP on defense, on the whole, 
than do small nations such as Holland, Denmark, and Luxembourg. 

It is concluded that defense alliances are significant and readily analyzable ex- 
amples of public goods. Some justification is given for current complaints focusing 
on the inadequacy of NATO forces and the inequity resulting from their finance. 
That is, theoretical analysis is presented to show why these problems should arise. 
It is felt that the available statistics bear out these contentions. 


В1.с. Simulating Crisis Decision-Making, James A. Вовім5ом, Ohio State 
University, Columbus, Ohio. 

Crisis is defined as an occasion for decision in which an organization’s goals (1) 
are threatened (2) by an unanticipated situation (8) requiring response within a 
relatively short period of time. Through modifications in Inter-Nation Simulation, 
experimental conditions of crisis (and non-crisis) were created. Three-hundred 


Abstracts В-563 


and thirty Navy petty officers (30 in each of 11 one-day 'runs") were subjects. 
Crisis situations, as contrasted with non-crisis, appear to have “functional” as well 
as "pathological" consequences for an organization's decision-making, including its 
patterns of search for information and alternatives. In general, the experimertal 
findings conform to a "satisfieing" model of decision-making. 


B2.a. The Systems Approach to the National Health Problem, WILLIAM 
J. Новултн, Mental Health Research Institute, University of Michigan, Ann 
Arbor, Michigan. 

The U. S. health system is composed of many inter-dependent parts. To enum- 
erate some of the more obvious, there are medical practitioners, hospitals, nurses, 
medical technicians, pharmaceutical companies, medical research workers, med.cal 
schools, insurance companies, patients in various stages of health and wealth, amd a 
host of governmental regulatory agencies. A modification made in any one of 
these components will, in time, affect the performance of all of the others. How- 
ever, the degree of coupling between the parts is not sufficiently well understooc to 
permit any reliable prediction of system-wide effects caused by disturbances origi- 
nating in specific subunits. 

The pressure for a better understanding of this system is increasing and stsms 
from two sources. The tremendous increase in medical research in recent years is 
beginning to produce results in new medical techniques and concepts. As these 
new discoveries multiply, the existing system will have to be modified considerebly 
in order to accept and utilize these innovations. Since all indications point tc an 
acceleration of research findings, the very abundance of these may produce a de- 
terioration of system performance unless adequate use is made of systems resezrch 
to determine the effects of specific changes in the system before modifications are 
attempted. The second factor acting as a stimulus for the use of systems research 
in the health area is an economic one. The costs of health services in recent y2ars 
have been sky-rocketing and this, in turn, has started a movement for greater 
efficiencies. A thorough cost analysis which would be a prelude to cost reduction 
would necessitate a complete systems evaluation. 

Systems research does not provide any ready-made answers to the nation's 
health problems but without it no answers will be forthcoming. It is imporzant 
that appropriate studies be undertaken now before the situation becomes nore 
critical. In addition to the use of conventional techniques such as simulation, the 
health system should have one or more operational testing laboratories. These 
would be small pilot communities in which all hea!th data would be completely 
documented and where the effects of new procedures, techniques and organizational 
changes could be studied and evaluated on a small scale before an attempt is nade 
to modify the existing system. 


B2.b. The Evolution of Operations Research in the Health Serv-ces, 
Снавов8 D. FrAanE, The Johns Hopkins University Hospital, Baltimore, 
Maryland. 

The character of operations research in the health services has changed ove- the 

past decade very much in the way the services themselves have changed. Early 
studies in England and the United States places most attention on internal eper- 
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ating problems of the hospitals which were suffering acutely from inadequate 
capacity, antiquated facilities, changing labor practices and changing bases of 
financial support. Introspective studies such as procedures for staffing, supply and 
inventory problems, detailed architectural layout, апа clinie seheduling апа ар- 
pointment procedures claimed most attention. 

The solutions indicated for many of the problems have called for 1) a broadening 
of the base of the hospital system to include other services, such as home care, 
rehabilitation and longterm care, 2) ад expanding of the administrative process to 
permit time varying allocation of resources to accommodate changeable patient 
needs, and 3) а development of inter-hospital relationships for administering joint 
problems and for planning. 

During this change in the health services, research has grown in the direction of 
communication and decision processes. Although there will continue to be need 
for analysis and synthesis at operating levels, the major focus of operations research 
is now on problems of diagnosis and therapy and on the information systems which 
support these central decisions and actions. 


B2.c. Simulation of Hospital Systems, Вовквт B. Ferrer and Jonn D. 
Тномрѕом, Yale University, New Haven, Connecticut. 

The work reported here is an extension of previous work on the simulation of the 
various units of a general hospital. The basic approach is aimed at developing a 
set of system models which will aid hospital administrators in the design of hospital 
facilities and, given any design, in determining appropriate policies for operation 
of the facilities. 

The models include a simplified version of our original maternity suite model 
(reported on at an earlier meeting), a model of a surgical pavilion, and a model of 
an outpatient facility. These models are described briefly, the experiments aimed 
at their validation are outlined, and results of these experiments are given as well as 
examples of the use of the models. In addition, considerable progress has been 
made in the development of a general model for predicting the operating behavior 
of any structure of patient organization based on care requirements as well as any 
staff organization allocated to serve a given patient organization. The current 
work of this latter phase of the project will be described. 


B2.d. Medical Records and the Appraisal of Medical Care, KENNETH J. 
WinurAws, St. Joseph's Hospital, Hamilton, Ontario, Canada. 

Keeping abreast of trends and changing patterns in the practice of medicine 
requires hospital medieal staffs to review, analyze and evaluate their present prac- 
tices. "То determine levels of performance it is essential there be easy access to the 
wealth of clinical data with which hospital medical records departments are liter- 
ally bulging. Traditional methods have required the busy physician to laboriously 
search individual medical records and actually do his own data processing. 

Steeped with tradition and not exactly noted for being in the vanguard of social 
action the practicing physician has not welcomed the application of operations 
research in medical data processing as an adjunct to appraising medical care in 


~~ 
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depth. Because it is gradually being recognized that the time-honored methods of 
reviewing and analyzing medical саге in the hospital setting so frequently result 
in only а perfunctory review, and because а combination of social and economic 
factors have brought pressure upon hospital medical staffs to more realisticelly 
audit the quality of medica] care new horizons have come into view. Pioneerng 
this field has been the non-profit, voluntary Commission of Professional and Bos- 
pital Activities with its computerized medical information systems. Even with 
these systems extracting from the medical records data which was previously just 
not accessible, there still remains the need to develop ways and means of putting 
this data to use. Some hospital staffs have already developed ways of utilizing 
this information to improve patterns of practice, but for the most part it is an 
untouched field. 


B2.e. Technical Problems in Areawide Planning of Hospital Facili-ies 
and Services, HERBERT E. KLARMAN, The Johns Hopkins University, Belti- 
more, Maryland. 

There is а widespread movement in this country toward areawide planning of 
hospital facilities and services. This paper discusses some technical problems facing 
the professional staff of a planning agency and how they are dealt with. 

Included are the following problems: delineating area boundaries for study and 
for planning; setting the goal—planning to meet the need for services or some 
variant of expressed demand; choosing among requirement formulas—a bed-death 
ratio, present use by age and by sex, or a multivariate model; the probable influence 
of the supply of beds on hospital use; optimum rate of occupancy; the importance 
of duration of stay; the bed turnover rate as an additional measure of hospital use 
and as a summary of all the traditional measures; the geographic distributioa of 
beds, including optimum size (cost of operation, cost of transportation, and range 
of services) and concentration of clinical material for teaching; uniform measures of 
physical plant—the bed as surrogate for capacity; criteria for counting beds; and 
indexes of obsolescence and of completed construction. The relevant literature is 
discussed, including the work of Airth and Newell, Bailey, the Commissioa of 
Hospital Care, Feldstein, Long, Roemer, Rorem, Sigmond, the Public Health 
Service, several hospital councils, and the writer. Anattemptis made to ind cate 
emerging consensus and unsolved problems. 


B3.a. Establishing New В and D Skills, С. J. Rata and A. Н. RUBENSTEIN, 
Northwestern University, Evanston, Illinois. 

Data on the introduction of new R and D skills into laboratories was collected by 
means of 24 mailed questionnaires and 12 interviews, yielding 78 cases. Responses 
"ranged from the establishment of a Laser Group to a Reliability Program and Pat- 
tern Recognition Research to the development of better lubricants. The first set 
of data consisted of estimates of time—namely: a) from the realization of the need 
for a skill to the overt initiation of establishment activities (75), e.g. first hire; b) 
from Т, to full manning (75); c) from T, to adequate skill (73); d) from Ту ~o ef- 
fective out-put (T4). It was found in the questionnaires that responses of rriddle 
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and line research managers were quite useful, but that questions b and e were not 
operationally answerable or meaningful. Interviews were then carried out in 
order to expand the data base and better interpret the results from the question- 
naires. 

In order to adequately predict or control the establishment time, cost or quality 
level of a new В, and D skill, many variables have to be controlled. Respondents 
indicated overtly or indirectly that there exist qualitative and quantitative differ- 
ences between different types of R and D. For the purpose of this analysis, four 
categories were used— Theory, New Phenomena, Supporting Technologies, and 
Prime Products. Some critical variables in predicting the time and cost for es- 
tablishment of В. and D skills inelude: the State of the Art; the Source of the Re- 
quirement; the Resourees Available (people, money, facilities and organizational 
structure); and Organizational Impact (Actual and Perceived). 

The newness of the state of the art is highly correlated with the speed of estab- 
lishing the В, and D skills (one must decide quickly about fields which rapidly ob- 
solesce) and the rapidity of achieving successes (in new fields obvious solutions 
may yield significant achievements). Another factor which greatly accelerates 
the establishment of new skills is customer requirements (this is especially true in 
Government business). 


B3.b. Quantitative Methods in New Product Planning, Burton V. DEAN, 
Case Institute of Technology, Cleveland, Ohio. 

Significant research has been performed on а variety of research and develop- 
ment problems in such areas as evaluation, selection, scheduling, and control. How- 
ever, relatively little research has been performed on the development of systems 
for the generation of new products апа the optimization of such systems. This 
paper is the result of a study performed in a large consumer product company where 
the company’s objective is to install a new product planning system. Ја this paper 
methods are developed for analyzing the flow of new product ideas, evaluation and 
selection of the most promising ideas, and scheduling the release of new products 
to meet scheduled due dates. 


B3.c. An Appraisal of New Approaches to R and D Management, R. W. 
Miter, Raytheon Corporation, Lexington, Massachusetts. 

The past five years have seen rapid—and sometimes chaotic—developments in 
new approaches to R and D Program Management. These approaches include 
formal categorization of types of R and D effort, Program or Project Definition, 
Technical Systems Analysis, PERT/TIME and COST, Multiple-Incentive Con- 
tracting, and Configuration Management, to name some of the most well-known. 
While largely engendered by the Department of Defense and its agencies for the 
management of large-scale R and D programs, many of the principles involved 
apply to smaller programs, and in fact, will tend to become requirements for them 
in the future. 

In this paper, the need for an integrated approach and understanding of these 
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requirements is emphasized, in addition to ап appraisal of proper utilization of 
the new approaches and criteria for their application in the В, and D spectrum. 


B3.d. Some Methodological Problems in Studying the Relationship of 
Science and Technology to Economic Growth, JAcos PERLMAN, Natiozal 
Science Foundation, Washington, D. C. 

'The relationship of science and technology to economic growth may be stud ed 
by any number of deductive-abstract or empirical-historical methods. In genezal, 
the former yield sharply defined and compact results. On the other hand, in spite 
of the mathematical exactitude of the methods in this category, the findings are 
often abstractions that fall short of contributing to what is already known about 
the causal relationship between science and technology and economic growth. 
In the case of the empirical-historical methods, the results may be closer to realty, 
but the form in which they appear are often loosely organized and of limited ap- 
plicability. These difficulties are encountered whether we deal with problems on 
the microeconomic or macroeconomic scale. 

We know that there is nothing unique about such encounters in the social scienzes, 
but two special problems seem to stand out in studying science and technology in 
relation to the economy. First, the subject itself is new to economists and other 
social scientists, and it takes time to develop reliable methods of research.  Seecnd, 
the character of the subject is changing rapidly, and it is most difficult to keep race 
with the dynamics of the situation. 

"ТЕ the progress of science and technology came to a halt, a good part of the p-ob- 
lems would be solved. We hope, however, that such will not be the case. The 
other solution seems preferable; we must speed up and perfect the developmert of 
research methods so that instead of always resorting to a single rigidly defned 
methodology, we may be in a position to tackle the problems with multi-methodo- 
logical devices. 


Cl.a. Efficient Control Policies for Inter-regional Trade, DANIEL McFap- 
DEN, University of California, Berkeley, California. 

Many developing nations have become aware that their growth potential de- 
pends critically on the future of their export industries. This has led to the use of 
foreign trade controls—long a governmental policy instrument—to improve de- 
velopment prospects. This paper examines criteria for efficient export control 
policies. 

A series of elementary mathematical growth models of an open economy are 
analyzed, using graphical techniques and simple dynamic programming. Соліто] 
policies considered are import tariffs, export subsidies, trade quotas, and direct 
and indirect controls on investment. Particular features of some of the models 
are (1) neo-classical ex ante factor substitution, (2) capital rigidity, and (3) world 
prices with stochastic elements. 

The objective of the analysis is to establish simple qualitative and quantitative 
criteria for establishing controls. Simplifying assumptions are added whenever 
necessary, and the criteria which are adaptable to available empirical data are em- 
phasized. 
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С1.Ь. Design of а Two-Sector Model of the American Economy, EMMANUEL 
Dranpaxis, Yale University, New Haven, Connecticut, and Parter Migszkow- 
SKI, Yale University and University of Chicago, Chicago, Illinois. 

This paper presents a two-sector model of the American economy, in which labor 
and capital are used to produce capital and consumption goods. Consumption 
not only provides some per capita “subsistence” requirements of the labor force, 
but also for “educational expenses” for training of labor, i.e. labor (in efficiency 
units) is a produced commodity. The parameters for this model are estimated 
from U. 8. data for the post-war period. 

’ This study (a) computes the long-term production possibilities of this model as 
the solution of a long-term planning problem, and (b) determines the actual paths 
of the model under the assumption that the propensities to spend on education and 
on capital goods express the U. S. consumer preferences for this period. In this 
version the government plays an important role. The implications of alternative 
types of tax finance, bond finance as against tax finance, etc., are examined in detail. 


С1.е. An Algorithm for Dynamic Programming of Economic Growth, 
В. RADNER and S. Frrepmann, University of California, Berkeley, California. 
An algorithm is presented for dynamic programming of economic growth in a 
multisector model in which (1) production of new commodities is described by differ- 
entiable production functions, (2) durable commodities disappear according to 
arbitrary distributions of lifelength, and (3) the function to be maximized is a sum 
of (possibly discounted) measures of differentiable one-period welfare functions. 
The algorithm is based upon a method of successive approximation using an exact 
solution for the linear-logarithmic case. A computer program in FORTRAN is 
developed and the properties of the algorithm are explored in a series of numerical 
computations. 


С2.а. A Computer Approach to Content Analysis: Studies Using the 
General Inquirer System, Parir томе, Harvard. University, Cambridge, 
Massachusetts. 

The General Inquirer was developed in 1961 for the content analysis of written 
materials. An BM 7094 is used to read key-punched alphanumeric text, remove 
.regular word suffixes, and look up words and idioms in a dictionary. The dictionary 
categorizes the text according to theoretical interests of the investigator. Vari- 
ables considered might include expressed or assumed values, underlying types and 
intensities of motivation, perceived demands of the environment, and institutional- 
ized structuring of both demands and actions. Each sentence, together with its 
string of descriptors found in the dictionary is stored on tape. This tape is used 
with various special IBM 1401 programs for counting, retrieval, and contingency 
analysis procedures. Applications from the fields of psychology, anthropology, 
survey research, business, and political science will be deseribed. 


C2.b. Language and Memory, Vicror Н. Ynevs, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 

Work on the problem of programming a computer to translate from one language 

to another has led to new insights into the reason why human language is so com- 
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plex. In writing programs to process language in а computer it has become neces- 
sary to consider how much memory space is needed to store temporary resulis. 
It would appear that most of the otherwise unexplainable complexities of ѕеціегсе 
structure serve the definite function of making the language workable in spite от a 
severely restricted temporary memory. This seems to be true for all human 
languages although languages differ in the details of how they handle this functien. 


C2.c. Problems in Message Selection: On the Stubbornness of Horses, 
VOLNEY SrgFFLRE, Yale University, New Haven, Connecticut. 

In selection of content for advertising messages, two considerations appear of 
importance: (1) that a product described in this way be purchased by a satisfactery 
number of consumers; (2) that the product when ‘actually seen ог used not contra- 
dict the claims made about it in advertising. Techniques widely used in selectzon 
of advertising copy—derived generally from mail order advertising—do not em- 
phasize the first or consider the second. Some alternative techniques will be cis- 
cussed and examples indicating negative correlations in claims made about bramds 
in the advertising copy and consumer judgments about brands’ characters will be 
discussed. 


C2.d. Operations Research Problems in the Dissemination of Knowledge 
to Underdeveloped Countries, Davin G. Hays, The RAND Corporatwon, 
Santa Monica, California. 

(Abstract not available.) 


C3.a. Criteria of Organizational Effectiveness, STANLEY Е. SEASHCRE, 
Survey Research Center, University of Michigan, Ann Arbor, Michigan. 

Most organizations have many goals, not one. ‘These goals are of different im- 
portance and their relative importance changes. Problems arise because these 
goals are sometimes competing, and sometimes incompatible (negatively corre- 
lated). А strategy of optimal realization of goals cannot be determined unless 
there exists some conception of the dimensions of performance, their relative im- 
portance, and their relationships with one another. These relationships may be 
one of causation, of simple correlation, of interaction; they may be linear and 
compensatory or non-linear and non-compensatory. A framework will be propased 
for conceptualizing organizational performance, with distinctions among several 
different classes of performance dimensions and with consideration for several 
types of relationships among them. Data from sales organizations will be nied to 
illustrate the framework. 


C3.b. Stability of Organizational Status Systems, JOSEPH BERGER, 
Bernard P. Comen, and Morris ZxrprrcH, Jg. (panel member), Department 
of Sociology, Stanford University, Stanford, California. 

A body of knowledge has accumulated about the influence of external ststus 
characteristics such as sex or ethnicity on the status system of formal organizations. 
Two properties are observed: 

(1) The diffuse property which is a tendency for status ЕЕЕ Е фе Бе 
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come relevant to such supposedly internal elements in the organization as 
its job levels, wage scales, or use of its washrooms; 

(2) The balance property, which is a tendency for two or more relevant features 
ої а status system to tend to come “‘into line” or else to generate conflict, as 
when women make more money than men. 

The problem is to construct a model which exhibits such behavior and then to 
examine what other results on stability of the organization's status system can 
be obtained from the model. 


C3.c. Organization and Role Boundaries, Г. Westey WAGER, Department 

of Sociology, University of Washington, Seattle, Washington. 

Problems associated with boundary roles and role expansion emerge from changes 
in institutional structure. Responses of organizational participants to role ex- 
pansion are examined under varying sets of structural conditions in contrasting 
settings. 3 


C4.a. Research in Traffic Theory in Australia, С. Е. NEWELL, Brown Uni- 
versity, Providence, Rhode Island. 
(Abstract not available.) 


С4.Ъ. A Review of the Boltzmann Approach to the Theory of Traffic Flow, 
Вовевт Г. ANDERSON, General Motors Research Laboratories, 12 Mile and 
Mound Roads, Warren, Michigan. | 

A review of the formalism and various implications of the Boltzmann approach 

to the theory of traffic flow will be presented. This approach to traffic, first formu- 
lated by I. Prigogine, involves a statistical description of multi-land traffic for 
which passing is allowed. The driver-vehicle population is characterized by statis- 
tical distribution functions, the most important of these being the single driver- 
vehicle speed distribution function. The quantitative content of the theory is 
based on an equation which describes the time evolution of а speed distribution 
function. This equation expresses, in the spirit of the fundamental Boltzmann 
equation of the kinetic theory of gases, the competition between the wishes of the 
drivers and the constraints placed on the drivers. 


C4.c. Traffic Flow Measurement by Sweep Sampling Air Photo Tech- 
nique, Т. W. FonsEs, James J. Мотлам and Mires E. Simpson, Departments 
of Psychology and Division of Engineering Research, Michigan State University, 
East Lansing, Michigan. 

In order to obtain measurements of traffic flow over a 10-mile stretch of an urban 
freeway during 40-minute periods of peak traffic, “sweep sampling” air photo tech- 
nique was employed using a light plane and 35mm photographs at 1-second in- 
tervals. This technique has been developed by the senior author over a period of 
several years The photographs were measured by means of a special data reduc- 
tion device punching measurements directly into cards. Corrections for slant 
range between air craft and highway were programmed and applied by electronic 
computer. Calculated from the corrected positions measurements of five vehicles 
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in each lane (sampled over 5 seconds) were velocity, time and distance headways 
(rear bumper to rear bumper) and traffic volume estimates. From these quantit-es, 
distributions, variances and means were calculated for the final analysis. Examples 
of distributions and estimates obtained will be given. 

The research was supported by a contract with the United States Departmen- of 
Commerce, Bureau of Public Roads. 


C4.d. Multiple Point Experimentation and Analysis in Single Lene 
Traffic, Кемметн W. Crow ey, The Port of New York Authority, 111 Eighth 
Avenue, New York, New York. 

Samples of vehicle headway times and velocities have been collected simultzne- 
ously at up to six points in а lane of the Holland Tunnel. Spatial densities and 
travel times have been calculated for the inter-point segments. Analyses have been 
made of point and segment vehicular characteristics with particular attention given 
to those which appear to act as prior indicators, either in space or time, of conges- 
tion. Finally, these findings will be discussed in terms ої their utility in altering 
and improving the existing Tunnel Traffic Flow Control System. 


C4.e. Reducing Delays to Aircraft, Свого Pesrarozzi, University of Cali- 

fornia, Berkeley, California. 

A significant part of the delay experienced by aircraft, particularly under in- 
strument flight rule conditions derives from the necessity to funnel all aircraft 
landing at an airport through a common final approach. The new air traffic moni- 
toring and control techniques under development by the FAA will make it tech- 
nically feasible to alter the present “first come-first serve" rule for feeding aircraft 
into the final approach. This paper studies а number of alternative rules, >.g., 
assigning priorities to aircraft of different performance classes, in order to ñnd 
reductions in average delay per aircraft, average delay per passenger, or probab Шу 
of long waits. The effect of different rules on the possibility of interposing de- 
partures between landings is also discussed. 


Р1.а. Simulation of Matson’s Freighter Fleet, В. В. Farnsworta, Meson 
Navigation Company, San Francisco, California. 

Matson research has been solving freighter fleet system problems for the sast 
five years using simulation techniques. This paper draws on that experience to 
present guidelines for general use of simulation in solving systems problems. "The 
common context of the several simulation examples used in the paper is set out with 
a description of the Hawaiian transportation problem. This description highlights 
some of the decision areas that require a system approach. The design and пере- 
mentation of a large-scale model of the Hawaiian service is presented as a specific 
example. An analysis of this development effort and its appication demonstzates 
the general guides evolved by the group for using simulation techniques. Present 
effort utilizing simulation is reported as a case study in applying these guides. Re- 
sults are compared to other published works on simulation to reinforce the grides 
that Matson research has developed. 


B-172 Abstracts 


D1.b. An Approach to Transport Systems Analysis, SrsarguIED М. BREUN- 
ING, National Bureau of Standards, Washington, D. C. 

This paper discusses the application of systems analysis techniques to large scale 
transporation problems. The complexities of comprehensive transportation prob- 
lems are described and the factors involved defined and analyzed. The significance 
of each factor in the combination of them into logical sets of solutions are outlined 
and their characteristics with respect to the real system discussed. Methodology 
for the solution of these problems is described when its exists. Needs for new 
methodology are also outlined on the basis of this study. The work is based on a 
conceptual approach to real example problems which are then abstracted to the 
general case where.possible. The purpose of the study is to achieve a better un- 
derstanding of the complexity and interrelationship of transportation. 


Dl.c. Traffic Flow Theory as Applied to Transport Decision Making, 
Martin Wont, Director of Research, Transport Research Program, Harvard 
Graduate School of Public Administration; Cambridge, Massachusetts. 

The development of traffic flow theory has proceeded at a healthy pace for some 
two or three decades, has absorbed the interest and talent of many researchers, 
and has resulted in the presentation of a rather formidable body of literature. 
These events alone suggest that it is appropriate to review this effort, and to assess 
its relevance, balance, and direction. Such a review when placed along side a 
more general and comprehensive framework, for transport decision making, and 
when considered in light of the overall technical requirements, should permit a 
more valid and current criticism of traffic flow theory research, and thus lead to 
more reasonable conclusions regarding its potential and make-up. 


D2.a. Operations Research in Agriculture: Past, Present and Future, 
С. В. Влкек and С. G. Junar, Department of Agriculture Economics, Univer- 
sity of Illinois, Urbana, Illinois. 

Operations Research methods are defined, described and related to quantitative 
research methods in general that are used in agriculture. The decision or question 
frame of reference that directs quantitative research in agriculture is discussed. 
The various structural elements of agriculture are defined with particular reference 
to their economic properties and requirements. Both organizational and орега- 
tional characteristics are referred to, although, in keeping with the theme of the 
program some emphasis is placed on operational characteristics of agricultural units. 
. Information required for decision making in the various agricultural units is 
specified. Special attention is directed to the “how much” character of informa- 
tional requirements, if the consequences of alternate courses of action are to be 
reflected operationally. Also the influence of Operations Research methods on 
research questions asked will be noted. 

Examples will be developed of contributions made by Operations Research 
methods to improve information available for decision making in agriculture and, 
where relevant, to methodology. Finally, problems of data and conceptual re- 
quirements that have yet to be met are outlined. Some comments are suggested 
to close these “empty information boxes,” especially the needs for methodological 
development. 
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D2.b. A Model for Predicting Outputs of Joint Product Firms in Forest 
Industries, N. Е. Savin, Pacific Southwest Forest and Range Experiment 
Station, United States Forest Service, Post Office Box 245, Berkeley, Califorria 
94701. 

The paper treats the general problem of predicting the vector of outputs of a 
joint product firm for given vectors of inputs and output prices. The problem of 
how to reduce the error in output prediction due to nonhomogeneous inputs is 
examined in detail. An econometric model of the output expansion path as a furc- 
tion of the input vectors is derived from a stochastic theory of the joint product 
firm. The theory assumes two sources of random variation: input quality aad 
technical efficiency. A procedure for defining homogeneous input classes is sug- 
gested. The procedure makes use of the technique of multivariate regression 
(where the dependent variable is a vector of jointly dependent random variables). 

U. S. Forest Service appraisal of standing timber to be sold to sawmills is me 
example of the general problem. A sawmill is a joint product firm which uses 
nonhomogeneous inputs and which is subject to variation in technical efficiensy. 
On the basis of sample data collected at average mills the parameters of the output 
expansion path model are estimated including the standard error of forecast matrix. 
The multivariate regression technique is used to define standing timber grades whch 
reduce the “size” of the standard error of forecast matrix. The computations are 
carried out on the IBM 7090 using a recently written stepwise multivariate reges- 
sion program. 

An economie decision problem of the firm is to choose the optimal (profit mexi- 
mizing) output expansion path for alternative vectors of output prices. The pro- 
posed output expansion path model, and the associated multivariate regress on 
technique for defining homogeneous inputs, are tools which the firm can use to 
solve this problem. 


D2.c. Choice of Nitrogen Application and Planting Rates for Corn: A 
Game Theoretic Analysis, Едвь В. Swanson, Department of Agricultural 
Economics, University of Illinois, Urbana, Illinois. 

Commercial forms of nitrogen fertilizer are an important input in corn produc- 
tion. In addition to a number of other factors, the optimum economic amount to 
apply is conditioned by the planting rate per acre and the available soil moisture. 
An experiment conducted on Flanagan silt loam (a highly productive, well drained 
soil) provides a production function with corn yield as the dependent variable, and 
with nitrogen fertilizer, planting rate, and available soil moisture as the independent 
variables. 

Information is available on the current available soil moisture at the time of 
planting corn. By use of a procedure developed by van Bavel this initial availeble 
soil moisture, together with subsequent precipitation and evapotranspiration data, 
can be used to estimate the available soil moisture during a 17-day critical period 
in corn growth. 

The actions assumed to be open to the producer at planting time are 12 согаб-па- 
tions of levels of nitrogen fertilizer application and planting rates. The conse- 
quences depend (in the absence of irrigation) on weather circumstances beyond the 
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control of the producer. For each of several available soil moisture levels at plant- 
ing time, ten seasons are constructed, based on actual historical precipitation and 
evapotranspiration data. These constructed seasons are treated as strategies avail- 
able to Nature in а zero-sum two-person game. The solutions of various forms of 
the game theory model are compared. 


D3.a. Research Applications of Quantitative Decision Analysis to Fiscal 
Policy—A Survey, ERIK THORBECKE, Towa State University, Ames, Iowa. 
А small amount of pioneering work in this area has been done mostly in other 
countries, and it has received relatively little attention here. The purpose of this 
paper is to summarize and evaluate researeh that has been done on the application 
of quantitative decision analyses to fiscal policy problems. 


D3.b. Problems in the Ápplication of Econometric Models to Economic 
Policy in The Netherlands, P. ре Worrr, Central Planning Bureau, The 
Netherlands. 

'The approach which the Dutch have taken to their economic policy problems in 
the postwar period will be surveyed briefly. Then recent policy problems in The 
Netherlands will be examined, and using an econometric model various alternative 
approaches will be explored for reaching acceptable solutions. 


D3.c. The Problems of Relating Operations Research to the Institutions 
of Government, Roy E. Moon, Administrative Assistant to William Prox- 
mire, United States Senate, Washington, D. C. 

Operations Research has become an extremely valuable area of science because 
it has combined techniques from economics, statistics, mathematics, and several 
of the natural sciences in order to answer certain types of immediate policy ques- 
tions. Primarily, these techniques have been used as a, managerial tool aimed at the 
solution of problems of optimization. 

Optimization questions exist in the public policy areas, as well as in the field of 
business and military decisions. Operations Research can be an extremely useful 
tool for the government both in the executive and legislative branches. However, 
in order to make effective use of this tool, the unique institutional framework within 
which government decision-making occurs must be taken into account. The im- 
plications for Operations Research of these institutional characteristics, such as 
timing lags, difficulty of optimization goals, and restrictions on freedom of action, 
will be discussed in this paper. 


D3.d. Formula Variation of Tax Rates for Improving Economic Stability, 
ALBERT ANDO, University of Pennsylvania, Philadelphia, Pennsylvania, and 
Howard Раск, Economic Growth Center, Yale University, New Haven, Connecti- 
cut. 

Simulation studies of an econometric model have been made to explore the pos- 

sibilities of offsetting fluctuations in price level and unemployment through counter- 
cyclical changes in tax rates governed by a Phillips type control formula. 
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D3.e. Research Problems in Fiscal Policy—a brief panel discussion by the 
chairman and speakers. | 


El.a. Stochastic Learning in Mice, Men, and Machines, Меввих М. 
Froon, University of Michigan, Ann Arbor, Michigan. 

This paper discussed the use of stochastic behavioral models to describe the ob- 
served sequences of responses by several kinds of subjects during experiments in 
which the subject responds sequentially with one from among a few possible acis, 
with each response followed immediately by either an apparently favorable or 
apparently unfavorable outcome. The parameters of the “Symmetry Modal” 
used remained reasonably invariant in working with rats when experimental con- 
ditions were changed in a variety of ways, yielding good “scope” for the model, end 
the parameters for rats differed greatly from those for human subjects—with much 
greater differences also between human subjects than were found among rats of one 
genetic strain. The Symmetry Model was also used to construct a computer cede 
for numerical analysis that selects among several possible iterative algorithms tre- 
quently during the course of one calculation, adapting on the basis of the outcomes 
of successive steps. Similar uses were made of the Symmetry Model to explain 
and predict task-performance in small groups, and in the design of an adaptive 
sequential information dissemination system, and the paper includes a preliminary 
report on these applications. 


El.b. The Design and Evaluation of Probabilistic Information Process-ng 
Systems, Warp Epwanps, University of Michigan, Ann Arbor, Michigan. 

A major task of a command and control system often is to determine wha; is 
happening in its environment. Conclusive information is usually lacking, so sach 
systems must attempt to synthesize thousands of items of information, each in- 
dividually worth little, into an accurate picture or diagnosis of the relevant environ- 
ment. Current systems (e.g, the NORAD Combat Operations Center) use so- 
phisticated display and information retrieval devices, but leave the task of syn- 
thesis followed by decision to unaided human judgment. The ideas of Bayesian 
statistics offer the basis for a new technology of diagnostic information ргосеѕѕ пр. 
In the Bayesian view, probabilities are orderly or consistent opinions, and Bazes’ 
theorem of probability theory is the optimal rule for how opinions should be re- 
vised on the basis of information. The crucial input to Bayes’ theorem is the 
probability, for each datum to be processed and for each hypothesis of interest, 
that the datum would occur, if the hypothesis were true. Research suggests that 
experts can estimate such probabilities, or numbers which can be translated -nto 
them, with fair accuracy. Once such probabilities are available, a desk calculator 
or computer can easily synthesize them into a posterior distribution that g-ves 
the current probability of each hypothesis of interest on the basis of all the available 
data. 

Details of the design of such a Probabilistic Information Processing System 
(PIP) are presented. Laboratory research completed and in progress is reviewed, 
along with simulation studies intended to compare PIPs with traditional information 
processing systems in complex and realistic environmenis. 
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El.c. Leadership and the Cost of Thinking, Jacop Малвяснак, University 

of California, Los Angeles, California. 

What is the rationale of “hierarchy” and, in particular, of any “chain of command” 
and, therefore, of “leadership?” Since there is, in general, a one-to-many corre- 
spondence between commands and the commander’s information, a chain of com- 
mand implies loss of information. Hence, if the expected payoff (whether a scalar 
or a vector) were considered without allowing for organizational cost (the cost of 
information and of decision-making) and for errors and delays, the command 
principle would be, in general, inefficient compared, for example, with some ar- 
rangements in parallel instead of in series. The command principle may be effi- 
cient and indeed preferable to other arrangements if organizational costs, errors, 
and delays are taken into account; provided the available pool of decision makers 
is such as to make specialized decision making advantageous. This includes a 
leader’s specialization in “meta-decisions,” i.e., the activity of “organizing” (ог 
*tre-organizing"). 


El.d. On the Simulation of Group Interaction, C. Wrest CHURCHMAN, 
University of California, Berkeley, California. 

The paper describes the results of over thirty experiments in task-oriented group 
experiments designed to test methods of implementing OR recommendations. On 
the basis of these experiments, it has been possible to classify the communications 
between the subjects. 

This classification becomes the basis for simulating group behavior. The simu- 
lation can then be designed to serve as the environment for a single subject, with a 
consequent saving of cost and time in replication, and increased control. The 
whole method is one proposed solution of the problem of experimental control in 
large group experiments. 


E2.a. System Training Through Internship in the Field, У. К. LINVILL, 
Stanford University, Stanford, California. 

The area of system design requires new theoretical breadth and poses new prob- 
lems for the engineering school. While breadth in mathematics and in physical 
and behavioral sciences is essential, this theoretical background must be tied down 
by interaction with real world problems. Such problems are provided the students 
by the equivalent of laboratory or clinical experience. Stanford has a program of 
internship with industry to provide such interaction; specific field problems will be 
presented and discussed. 


E2.b. Systems Research on Space Programs at S&ID, M. D. Scuwartz, 
North American Aviation, Downey, California. 

In the pursuit of national space goals, a major task of the National Aeronautics 
and Space Administration is planning and programming for manned exploration 
of space. The principal role of industry is to work with NASA to convert these 
plans and programs into operational systems. 

From several points of view, this is a problem in allocation of resources. In its 
larger aspects, the problem is necessarily constrained by the need for economy in 
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dollars, scientific manpower, and industry-wide engineering capability to meet a 
challenging time schedule. At the other extreme, it requires hard choices among 
preferred technical/operational alternatives at the subsystem and system con- 
ponent levels. This is an environment in which the scientist, the systems and opera- 
tions analyst, and the management expert can make significant contributions, sirce 
the methodologies of these disciplines can provide the pattern for adjusting to the 
technical/operational alternatives within the resource constraints. 


E2.c. The Art of Applying Cost/Effectiveness Analysis to Military Spsce 
Systems, Е. Н. TRINKL, Department of Defense, Washington, D. C. 

Often arguments are made that cost/effectiveness analysis cannot be applied to 
the planning of the development and operation of military space systems becawse 
of the many uncertainties. Factors such as mission effectiveness are asserted to 
be non-quantifiable even though agreement can be obtained on such uncertainties 
as performance, availability and cost. 

Decisions regarding the selection of alternative military space systems obviowly 
have to be based on judgments as to the effectiveness of these systems in perform.ng 
missions which on the national level are considered important. Cost/effectiveness 
analysis can contribute toward improving these judgments by indicating preferred 
courses of action. This paper will be concerned with conceptual tools for improv- 
ing analyses of alternative space efforts. 


E3.a. A Linear Programming Application in International Trade, J. 
CARGILL, Cargill, Incorporated, Minneapolis, Minnesota, and D. Н. SCHILLER, 
Peat, Marwick, Caywood, Schiller and Company, Chicago, Illinois. 

Some observations on the Art of Identifying situations wherein the techniques of 
Linear Programming can be employed. The case in point consists of a large scale 
trade of an esoteric commodity to a foreign nation; how the opportunity was ideati- 
fied, and how it was organized to take advantage of Operations Research Tech- 
niques, and the outcome. In short, the Diary of an Opportunity. 


E3.b. The Design of an International Communications Network, 
ROBERT FRANKLIN, Chrysler Corporation, Detroit, Michigan. 
(Abstract not available.) 


E3.c. Problems and Opportunities for Marketing Science in Trade, 
Patrick Ropinson, Marketing Science Institute, Philadelphia, Pennsylvania. 
The Marketing Science Institute is engaged in comparative marketing systems 
studies contrasting U.S. experience with the characteristics and the growth patterns 
of marketing in selected nations at varying stages of socio-economic development. 
The Institute recently completed a study of companies in the European Common 
Market which indicates the opportunities for, and accelerated acceptance of, mocern 
computational and operational model building techniques in European busiress. 
MSI is also investigating the feasibility and utility of an international markezing 
and trade information center suitable for the storage and processing of informacion 
needed for research by industry, government and universities engaged in interna- 
tional trade and education. 
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E3.d. The Computer and International Marketing Management, Davip 
B. Hertz, McKinsey & Co., New York, New York. 

In the past, international marketing has been well served by traditional marketing 
concepts and techniques; however, there are new challenges arising from changes 
in living standards and marketing competition. The need to pare costs and deal 
with new roles and changing conditions have caused managers to seek new and 
improved tools. The computer and associated communications equipment com- 
prise one of these important new tools. Other users have already applied data 
processing to the development of better information in many key areas. This paper 
covers applications to international marketing of these information processing 
concepts. 


Fl.a. Model for International Comparison of Educational Planning, 
Mary E. RoniNsoN, U. S. Office of Education, Washington, D. C. 

Four major areas of comparisons are selected as of utmost importance in re- 
vealing the likenesses and differences in the educational planning of various coun- 
tries: 

1. The identification of political and bureaucratic, lay and professional groups 
involved in educational planning, channels used to get consensus on estimates of 
educational needs, and to convert judgments of experts to nationally accepted 
goals. 

2. The identification and specification of the number and nature of the overall 
educational goals—purposes the society expects education to contribute to or to 
achieve (ie., the production of required manpower skills and abilities, citizenship 
skills and abilities, production of new knowledge through research, etc.). 

3. The identification and specification of implementing goals (1.е., educational 
factors which in the continuum of educational planning must be considered as 
objectives in themselves). Implementing goals include qualitative and quantita- 
tive targets for students enrolled, teachers, curricula, methods-media-materials, 
ancillary services, facilities, and equipment, organization and administration, and 
funding. 

4. The content of the resulting plan—a schedule of time-phased targets and 
units of work constituting priorities linking attainment of implementing goals 
(enrollments, teachers, expenditures) to the attainment of overall goals (manpower, 
citizenship skills, et al.). 

When а country’s overall educational goals are placed on the vertical axis of a 
matrix, and the implementing goals are placed along the horizontal, the resulting 
intersect areas may be used to indicate qualitative and quantitative data and de- 
scriptive and evaluative research findings that bear on the nature and magnitudes 
of educational effort devoted to particular problems indicated by the intersect 
(i.e., the estimation of teacher requirements or teacher training facilities needed to 
support manpower training objectives). Use of this matrix in the analysis of the 
Swedish, Dutch, British, and some aspects of U. S. educational planning will be 
cited. 
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Fl.b. Remote Computer Usage: Implications for Education, THOMAS 
C. Rowan, Systems Development Corporation, Santa Monica, California. 

Experimental operation of computers by multiple users located remotely is 
being extended with increasing momentum into a variety of fields. Problems with 
equipment, computer programs, and other system elements are being examined, 
and preliminary solutions are being tested and evaluated. This paper briefly 
reviews these developments and discusses the following and several other important 
implications for education: the impact оп classroom procedures, curriculum desizn, 
and programmed instruction; the consequent centralization of administrative sap- 
port and effects on local autonomy; the resulting acceleration in the introduct:on 
of computers in technical education at the university, college, and secondary- 
school level. 


Fl.c. Impact of New Educational Media on the Economics of Educatien 
Pur H. Sorensen and Henry J. McCvusxzn, Stanford Research Іпзій ate, 
Menlo Park, California. 

The educational system must cope continuously with conflicting goals of qual-ty- 
for-many and least-cost. The educational enterprise is labor-intensive but qua.ity 
labor is in short supply, expensive, and historically unspecialized. Developments 
in instructional technology, curriculum design, and staff organization suggest scme 
radical, but plausible, re-allocations of scarce resources within budget constraints. 

Some alternatives for a K-12 public school system were considered analytically 
under conditions where some system characteristics were held constant (i.e., баба 
budget, budget allocated to instruction, number of pupils) and other characteristics 
were varied (.е., average salaries of professional and sub-professional personel, 
ratio of professional to sub-professional personnel, instructional budget allocated to 
salaries). Within these limits, the most radical re-allocation that appeared “reacon- 
able” showed (1) 48% increase in average salaries, (2) 30% increase in funds for 
instructional materials, (3) 75% increase in the number of sub-professionals рег 
professional staff, and (4) 46% decrease in total staff. This decrease in staff size 
increased the number of students per total instructional staff, but the increesed 
student:staff ratio was compensated for, in part, by greater use of instructional 
technology and, even so, remained below 33:1. 


F2.a. Evaluating the Consequences of Alternative Policies for Irrigation 
Development, Свовав A. PAvEus, U.S. Department of Agriculture, Washing- 
ton, D. C. 

A preliminary purpose of this paper is to present а rational method for projecting 
the acreage of land irrigated in separate river basins of the United States, as coadi- 
tioned by: (1) Four major hypotheses of the absolute and relative importance of 
additional Federal versus non-Federal irrigation; (2) approximations of the плахі- 
mum irrigation feasible as based on regional variations in available water supplies; 
and (8) historical rates (1989—59) of irrigation development as estimated from the 
Census of Agriculture. The end purpose is to show how the above results саз be 
used to quantify regional variations in the sensitivity of irrigation to various poli- 
cies for additional Federal and non-Federal development that might be postulated 
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and/or recommended. While, at this stage of the study, there is no direct emphasis 
on optimizing regional rates of irrigation development, the procedure makes it 
possible to identify continuing rates of development consistent with acreages that 
have been calculated in other studies as being optimal for discrete points in time; 
1.е., 1975, 1980, etc. й 


F2.b. Exploration For Natural Resources, Jonn С. Gnirrirus, Pennsyl- 

vania State University, University Park, Pennsylvania. 

The objective of exploration for natural resources should be to compile an inven- 
tory of the potential resources of some defined area. Generally this is aecomplished 
in & piecemeal fashion by searching for different targets, by different means, at 
different times. This seems an inefficient procedure as may be shown by compari- 
son of success ratios with and without ‘technical advice.” 

The distributions of specific kinds of natural resources are not random but clus- 
tered. Initially, however, with maximum uncertainty about outcome, there is no 
choice but to treat the distribution of prizes of all kinds as equally likely every- 
where. Based on the results of this grid (area) sampling, those areas of greatest 
potential may then be selected for increased effort. The exploration program may 
therefore be represented as а sampling design with increasingly restricted stratifica- 
tion of the initial population based on increasing knowledge about outcome. Such 
а program may be simulated by means of the “Engel Model” and the results from 
different initial distributions, and different investment levels, upon successful out- 
comes may be simply demonstrated. 


F2.c. Formal Models in the Design of Water Resource Systems, ROBERT 
DonrwaN, Harvard University, Cambridge, Massachusetts. 
(Abstract not available.) 


F2.d. Forest Fire-Fighting Models, ҰпллАм 8. JEWELL, University of 
California, Berkeley, California 

Forest and wildland fires are one of man’s greatest wastes of natural resources, 
destroying watershed, grazing, and recreational values, as well as timber and man 
made property. Furthermore, the methods of fire fighting are such that proper 
organization of manpower and equipment is the most efficient way of reducing 
forest fire waste, short of some radical technological breakthrough. Several 
models of fire-fighting organization will be examined from an analytic point of view, 
including: size of initial attack, dynamic reinforcement tactics, search and distribu- 
tion strategies, manpower standby planning, and optimal location of suppression 
equipment. Basic planning principles will be emphasized, concluding with a 
discussion of unsolved problems. 


ЕЗ.а. Combat Vehicle Fleet Management, Conway J. CHRISTIANSON AND 
Gerar E. Соорев, Research Analysis Corporation, McLean, Virginia. 
The Research Analysis Corporation has recently concluded perhaps one of the 
most comprehensive operating and maintenance support analyses ever undertaken 
on any piece of Army equipment. A history was kept on 600 individual tanks 
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from the day issued. The records cover 214 years of tank use with accumulated 
miles, in some instances exceeding 5000. 

The prime purpose of the study was to establish the life expectancy for the tark, 
considering cost, reliability, and obsolescence. Management now bas a greacer 
capability for measuring fleet wearout, determining fleet replacements (procu-e- 
ment requirements), and assessing combat readiness. Other by-products асе: 
repair capacity required to support a given fleet size, maintenance budget requi-e- 
ments, etc. 


F3.b. Aircraft Loading Considerations: А Sortie Generator for Use in 
Planning Military Transport Operations, SAMUEL E. Eastman, Institute 
for Defense Analyses, 1666 Connecticut Avenue N.W., Washington, D. C. 

The purpose of this paper is to describe and evaluate a new technique (called a 
Sortie Generator) for estimating the number of sorties required for the performance 
of military air transport missions, and to present loading factors for selected cir- 
craft types and deployment cargoes obtained by application of the method. Air- 
craft loading considerations deal with details regarding the nature of the cargo end 
passengers to be transported, the dimensions and available weight-to-space rela- 
tionship of the lifting vehicles, and the myriad of “ground rules” that must be 
followed in loading. 

A digital computer model of aircraft loading was designed, programmed, and. to 
a limited extent, tested. The model is applicable to planning transport aircraft 
operations, comparison of different aircraft types, and for study of alternate сагро 
compartment configurations. 


F3.c. Methodology for the Determination of Command and Contzol 
Requirements for a Military Service System, Raymond W. Миллсам 
Stanford Research Institute, Menlo Park, California. 

Stanford Research Institute’s continuing command and control research has 
developed a methodology for determining command and control requirements of 
systems at the national level. First, alternative strategic concepts and threats 
are postulated. Second, a prediction is made of the significant activities and missions 
which will involve the system in the environment to be studied. Next, the deci- 
sions and necessary supporting staff estimates or analyses which will be made 
within the system are identified. The estimates or analyses lead to informa-ion 
requirements. Summation of information requirements permits description and 
quantification of the data base. Data sources and needlines are identified and 
data flow is described. The study develops the foregoing methodology by describ- 
ing its application to the Department of the Army Command and Control System. 


F3.d. Project PATTERN: Planning Assistance Through Technical Evelu- 
ation of Relevance Numbers, Aaron L. JesricE, Military and Space Sciewes 
Department, Honeywell, Inc., Washington, D. C. 

Project PATTERN is a continuing, large-scale, corporate effort to assign quenti- 

tative, relative values to the importance of conducting R and D on the varous 
technology deficiencies which now stand in the way of the achievement of the 
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national security objectives for the decade from 1968 to 1978. The entire spectrum 
of technology deficiencies and subjective probability techniques with mission and 
state-of-the-art forecasts. The ranked emphasis the nation should place on а 
given program or technology is evaluated in terms of (1) Relevance—which measures 
the importance to the national objective of solving a given deficiency; (2) Status, 
T'éming—which measures the industry’s capability to solve the identified technical 
problem; and (8) Cross Support—which measures the degree of technical growth 
payoff that will result from the solution of any specific problem. In this process 
all military-oriented government tasks are evaluated without regard to specific 
characteristies or objectives of the company. "The company Ё and D projects are 
then read-out and ordered through the use of such density functions as funding 
types, capability, and competition depending on the level and scope of inquiry of 
the specific individual. The data are subjected to sensitivity analyses and non- 
parametric statistical inference tests to establish a confidence interval on the out- 
puts. The paper describes the method of reducing the necessarily complex data to 
numerieal form and of reaching analytical solutions of representative questions 
facing management in corporate R and D planning. 


ЕЗ.е. Strengthening the Cost-Effectiveness Criterion for Major System 
Decisions, Everett J. DANIELS AND Јонм В. Глтнвор, Lockheed-California 
Company, Burbank, California. 

Cost-effectiveness as а criterion guiding decisions concerning development and 
procurement of major defense and space systems is under heavy attack. It is 
alleged that it fails adequately to take into account intangible but important 
factors—threat uncertainty, the lessons of military experience, the value of flexi- 
bility, national prestige, political feasibility, scientific objectives, etc. Some feel 
that & need for cost-effectiveness demonstration of every new system, using current 
rules, will effectively prevent the development of new systems. Yet cost-effective- 
ness аз а criterion must survive because it can recognize objectives and logically 
permit the most economic allocation of scarce resources in reaching those objectives. 

While defending the principle of cost-effectiveness, this paper suggests that its 
methodology is incomplete as currently applied and proposes some approaches to 
its improvement. These include provision for measurement of the vulnerability 
of decisions—or of lack of decision—to uncertainty in premises. This feature, as 
well as answers to many of the objections raised by cost-effectiveness’ opponents, 
can be included by suitable modification and expansion of criterion functions. 
Such modifications are suggested, involving introduction of quantified expert 
opinion. This type of quantification has proved useful in studies of methods for 
assisting in system design and resource allocation decisions. 


~~ 
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CALIFORNIA STUDENT SECTION (BERKELEY) 


(The following report, prepared by R1cgARgD J. Swersry, President of the Stuznt 
Group, was submitted in letter form to Совром Знктлавь, ORSA Retiring Secretary. 
The material below has been abstracted from that letter. Editor.) 


The Chapter activities can be broken down into four main categories: 

1. Regular monthly meetings. At each meeting we attempt to have discussions of 
subjects other than those taught in our courses. If possible, we try to get a speaxer 
from industry. At other times we invite members of the faculty or graduate 
students to describe some interesting aspect of their own research. The speakers 
and their topics for the past year are as follows: (a) Bennett Fox, Graduate Stu- 
dent in Industrial Engineering—‘“Scheduling of Admissions Into Hospitals". (b) 
Heiner Мовілев-Меввасн, NATO Fellow in Operations Research—'"New 30- 
lution Methods For The Transportation Problem". (с) Віснаво J. Swerezy, 
Graduate Student in Industrial Engineering—'*Mineral Exploration—A Bilirear 
Programming Problem". (d) Ермомр ExsENBERG, Assistant Professor of Incus- 
trial and Electrical Engineering—“‘A Class of Zero-One Problems". (с) Етик 
рооаневту, Senior Staff Mathematician, Standard Oil Co., of California—'*Pxob- 
lems of Implementation of Operations Research in an Industrial Organizaticn". 
(5) Merri T. Foon, Visiting Professor of Business Administration—Optimiza- 
tion Through Iterative Search Techniques”. (є) Roy RapwEm, Professor of 
Economies and Statistics— Command and Control Decision Rules Based on Fail- 
ure—Restoration Processes". (h) Віснаво W. Соттьв, Graduate Student in 
Mathematics—‘‘A Convex Programming Algorithm". 


8. Joint Seminars in Operations Research with Stanford University. At our request 
the first such seminar was arranged at Stanford and was held on April 25. Stud2nts 
and faculty found the exchange of ideas stimulating and both groups were enthusi- 
astic about continuing these meetings. The speakers were Pror. Winizam В. 
JEWELL, University of California, “Divisible Activities in Critical Path Analysis" 
and:Pror. Roy D. Lave, Stanford University, “Markov Models in Quality Con- 
trol”. А mixer was held following the papers. We have scheduled the next joint 
seminar at Berkeley for October 1964; the papers at this meeting will be presented 
by graduate students from both schools. It is our hope that once these meetings 
become а regular event, they can be organized as studies in depth of a particular 
phase of Operations Research. 


8. Social functions. We feel that the ORSA chapter should provide some social 
program for its student members, who are of diverse backgrounds and interests. 
In this way we hope to promote social as well as professional friendships. 


B-183 


вим , Society Affairs 


4° International library. The student section is proud to have been chosen the 
eustodian of an international library of Operations Research materials. We have 
the full cooperation and support of Dr. George B. Dantzig, Chairman of the Opera- 
tions Research Center and of the staff of the Center in pursuing this project; we 
hope to render valuable service to ORSA. 


5. Comments. We hope ORSA will approve other student sections when enough 
interested people try to form a group. In doing so, our experience indicates that 
interest and guidance from the faculty 15 required to get the group through its 
growing pains. Prof. William S. Jewell has rendered our section invaluable as- 
sistance in many phases of our activities. Finally, a viable student chapter needs а 
nucleus of graduate students who will remain in school for two to three years. This 
would imply that а full-time graduate program must be available when а student 
ehapter is organized. 


SCHEDULE OF FUTURE SOCIETY MEETINGS 








No. Dates Location Chairman Dees foz 
27 | May 6-7, 1965 | Boston Davin M. BoopMan Jan. 1, 1965 
4 Linmoor Terrace 
Lexington 73, Mass. 
28 | November, 1965) Houston James А. BIRDWELL July 1, 1965 


P.O. Box 8423 
Southmore Station 
Houston, Texas 77004 
29 | May, 1966 Los Angeles | Jonn Е. WALSH Jan. 1, 1966 
System Development Corp. 
2500 Colorado Avenue 
Santa Monica, Calif. 90406 








30 | November, 1966) Raleigh Спвоясв E. NicHOLSON, Jr. | July 1, 1966 
Dept. of Statistics 

Univ. of North Carolina 

Box 390 

Chapel Hill, N. C. 











* Abstracts of papers should be submitted to the Chairman of the desired meeting. 
Abstracts should be typed double-spaced following the form of the abstracts as 
printed in the BULLETIN. 


EDITORIAL STYLE FOR ORSA MEETING AUTHORS 


Invited and Contributed Authors at ORSA Annual and National Meetings can 
assist the Program Chairmen and the Editor of the Bulletin in assuring accurate 
communication by inserting their complete mail address, including ZIP Code, De- 
partment Code, and other identifying or required detail on all correspondence and 
abstracts. Editorial Policy of the Bulletin is to publish complete mailing addresses 
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of the numerous world-wide requests for reprints of papers that occur after each 


meeting. Since neither the Editor of the Bulletin, The Program, Chairmen, ner. 


Society Officials have papers for distribution, requests must be referred directly о 
the authors. Such notice is published regularly in each Meeting Announcement. 
It ts therefore essential that complete author addresses be printed with abstracts, whether 
or not the author has papers for distribution. 

Authors can also facilitate preparation of their copy for the printer by preparing 
abstracts in double spaced format only, and by carefully preparing abstract titles 
(omitting session number to be assigned by the Program Chairman) in a format 
identical to that shown in current issues of the Bulletin. No underlining, quotatien 
marks, or capital letters should be used to emphasize titles. To obtain a consisteat 
style, this indication for the printer must be handled uniformly for all abstracts re- 
ceived, and is therefore done at one time and place by a single stylist. Incoa- 
sistently marked titles must be retyped. 


THE ORSA COUNCIL MEETING 


During the Society’s Meeting in Montreal, the 1963-64 Council met on 26 Mey, 
and the new 1964-65 Council met оп 27 May. At these sessions the following items 
were reported and discussed. 

1. Consideration ої ORSA cooperation with a proposal to establish an annual 
prize for classified papers on military operations research. 

2. Approval of the Transportation Science Section’s proposal to sponsor the 
“Third International Symposium on the Theory of Traffic Flow" in New York 
on 21-23 June 1965. 

3. The Membership Committee reported its nominees for full Memberskip 
in the Society. A list of the new Members elected is shown below: 


Elected at 25th National Meeting 


MEMBER Grade Elections 


pum з 


ABRAMS, І. J. 

ALLEN, CHARLES ANTHONY 
Arora, SaNT Ram 
ASPLUND, STANLEY Е. 
Амі-ІтянаАк, BENJAMIN 
Baxanas, VICTOR E. 
Barnes, Віснаво W. 
Baum, SANFORD 

Bennerr, WALTER В. 
BznRaER, Howard М. 
Berman, Ray В. 
Bernasconi, FARMIN AspRUBOL 
Вовнми, Raymonp C. 
Boyp, Lawrence E. 


Brenner, Dr. Міснлкі, Е. 
Ввіант, Навор Е. 
Burra, Dr. Егмоор В. 
CARTER, Tasius T. 
CLAPHAM, LAWRENCE Р. 
COLOMBO, ANTHONY ANGELO 
Comer, CARLYLE P. 
Соок, Mr. Vincent М. 
Соорвв, Dr. LEON 
CorENHAGEN, Н. WYLLS 
CULLEN, Francis JAMES 
Danis, ЕУЕВЕТТ J. 
ЛЕРот, Рн E. 

DrGrota, Leo дон 


“ag 
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Dors, Ма. GIYORA 
DunsrmE, Dr. ВіснАво М. 
EckENRODS, Ковевт T. 
EpELMAN, ові Г. 
Елверав, Davin Іжкот 
Евр, MICHAL J. 
Елалх, WALTER В. 

Faux, Francis JOSEPH 
Ferme, Myron В. 
Тилент, Ropert HAROLD 
FonsvrH, Мв. О. FREDERICK 
GrerrINGER, Mr. HAROLD 
GarpEA, HENRY 

Grayson, CHARLES J. JR. 
GREENBERG, HAROLD 
Grevi, T. №. E. 
Gross, Dr. DONALD 
Groensere, Hans В. 
HAMMER, FREDERICK В. 
Harris, BRITTON 
НеввАсн, Leon HOWARD 
Heuser, МУпллАм А. JR. 
HOFFENBERG, MARVIN 
ҢОРЕМАХЕВ, KARL J. 
Homer, Eucxwx D. 
Нозгят, Wurm M. 
Новнеѕ, Зонк G. 
Нумовм, Carr M. JR. 
INTLEKOFER, Joun 
Іррошщто, CHARLES JOSEPH 
JAFFE, HERBERT 

Joun, Dr. From I. 
JOHNSON, PETER J. 
Jones, Рнпар Dupiey 
Eamiya, Encar 

Kao, Jonn Н. К. 
KAPLAN, SEYMOUR 
KIRKLAND, Јонм THOMAS 
Кимм, Dr. MORTON 
Комам, Мв. GEORGE 
KOYANAGI, KENICHI 
KRANZ, FREDERICK HENRY 
Lams, Cor. Hanorp М. 
LEAKE, Lewis А. 
LEIMEUHLER, FERDINAND Е. JR. 
Lemus, FERDINAND 
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Lynam, Мв. Wum C. 
MaxowER, MICHAEL STANLEY 
MARBURY, FENDALL JR. 
MARCHIL, JACQUES 
Martino, Rocco L. 
Mayzner, Юк. Marx В. 
Mintz, Stanton Е. 

Morris, Вовввт H. 
MuzLLER-ManBACH, DEINER 
МсСомв, Вовивт W. 
МсАвтнов, Dr. Р. S. 
Narevsky, Mr. А. D. 
Naus, ЈОВЕРН I. 

Отмев, Dr. Francois J. 
Parmer, Вохр 7. 

Patmour, VERNON EUGENE 
Parker, С. E. 

PEISAKOFF, MELVIN Parr 
PENGILLY, PETER JOHN 
Роан, Dr. Сковає E. 
QuackEN2Oss, FRANK В. 
Верртма, ЈОЅЕРН Н. 
Влвавв, Witam В. 
RozuxEg, DONALD Автнов 
ROGERSON, GEORGE WILLIAM 
Roc, Mr. Leo 

Rosmskv, MARTIN 
SALTZMAN, SIDNEY 

ScHAFER, TinuMAN Н. 
Scnuurzs, DoNarp Р. 
SHAFFIELD, JosgPH H. 
ScnorFNER, Raura М. 
Яновт, EDWARD А. 

Ямітн, Carr. Auwrn Jg, USN 
Ямітн, ДвАгтом J. 

SMITH, Erwin STUART 
Spracun, C. Fremont Ш 
STANKOVICH, ARTHUR 
STOWELL, ROBERT LUTHER 
Бот, ROBERT А. 
THATCHER, Віснаво М. 
Tom, RAYMOND STANLEY 
UHLANER, J. E. 

ViwTIADES, Pouyvios С. 
WALLACE, RICARDO FRENCH Jn. 
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Wesster, Francis М. Jr. Уплаз, Kennet E. 
WEISER, PETER В. Woisagp, Epwin Lewis 
УУківв, Свовав HERBERT WOLFERSBERGER, J. В. 
Weiss, JEROME Woops, CHanLES E. 
Увы, Jonn F. Jr. YEWDALL, GORDON ARTHUR 
Wae, Lee В. ZUMWALT, Marvin WHITE 


4. The Fourth IFORS Meeting will be held at the Massachusetts Institute ої 
Technology in August, 1966. 

5. ORSA and TIMS jointly plan sponsorship of a session on operations research 
at the annual AAAS Meeting of 26-31 December. 

6. The President was authorized to reactivate the National Problems Con- 
mittee if that appears desirable. 

7. Committees were appointed with terms to run until the Annual Meeting n 
1965. Chairmen of the Committees are shown below: 


Chairmen of Standing Committees 


Membership Committee NEWTON А. ABLAHAT 
Publications Committee Вовевт Е. Масної, 
Education Committee Harvey М. WAGNER 
Nominating Committee GEORGES BRIGHAM 


MINUTES OF THE 1964 ANNUAL BUSINESS MEETING 


1. The Twelfth Annual Business Meeting of the Operations Research Society 
of America was called to order by the President, ALEXANDER M. Moon, at 5:25 
p.m., 27 May 1964, in the MacKenzie Room of the Queen Elizabeth Hotel, Mcn- 
treal, Canada. 

2. The President pointed out that the Minutes of the 1963 Eleventh Annual 
Business Meeting had appeared on pages В-131 and B-132 of the 1963 volume of 
the BULLETIN of the Society. 

IT WAS MOVED that the Minutes ої the Eleventh Annual Business Meetir.g, 
as published in the BULLETIN, be approved. 

MOTION PASSED. 

3. The Secretary reported that in the period from May 1, 1963 to May 15, 1984: 

а. Total membership in the Society increased by 403 (or 11%) from 3,756 to 
4,159. 

b. The number of non-member subscribers to OPERATIONS RESEARCH in- 
creased by 224 (or 8%) from 2,825 to 3,049. 

4. The Treasurer summarized his report for 1963, noting that it appears in full 
in the Spring 1964 issue of the BULLETIN (pages B-80 through B-83). 

5. The President read the Report of the Tellers for the 1963 election (GornoN 
D. SSELLARD, ARLENE IcaRT, and Буюм Jansen), showing the results of ~he 
mail ballot for officers for the year ending with the 1965 Annual Business Meet.ng 
and for Council Members for the three year term ending with the 1967 Annaal 
Business Meeting. The following were reported by the tellers as having met zhe 
requirements for election: 
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GEORGE Вновтивх, Vice-President and President-Elect 

JosePH H. ENGEL, Secretary 25 
Joun Е. Warsa, Treasurer 

MURRAY GEISLER, Council Member 

Davin B. Hertz, Council Member 

The President declared these Officers and Council Members elected. 

6. The Retiring President, ALEXANDER M. Моор, invited the incoming Presi- 
dent to take the Chair. 

7. The Incoming President, Свовав Е. Кімвагі,, invited the Retiring President 
to report on the activities of the Society during his term as President. ALEXANDER 
Moop accordingly made his report, and cited the Officers, Committees, Society 
Representives, Editors, and the Business Manager for their services to the Society. 
He noted that the Society now had an annual income of $100,000. 

8. Huan J. Мтзев, Society Representative to IFORS, announced that the Fourth 
International Conference of the Federation would be held at the Massachusetts 
Institute of Technology in Cambridge, in August, 1966. 

9. The President called for any other business to be considered. There was 
none. Upon a motion duly put, seconded, and carried, the Meeting was adjourned 
at 5:35 p.m. 

Gordon D. SHELLARD, 


Secretary 
Chairmen of Other Committees 
Lanchester Prize Committee ALEXANDER M. Moop 
Sections Committee Rosert Mirsky 
Meetings Committee PAUL STILLSON 


Society Representatives 


Representative toIFORS Hues Miser 
Representative to NRC Вовевт F. RINEHART 
Representative to AAAS Rareg W. GERARD 
ELLIS A. JOHNSON 
WASHINGTON OPERATIONS RESEARCH COUNCIL (WORC) 


The 1964-65 Officers of WORC have been elected and are: 
OFFICERS (And Trustees) 


President DR. ALFRED BLUMSTEIN 
President-Elect Mr. Boxp Lapp 
Secretary Dr. Јонх Honra 
Treasurer Dr. WALTER L. DEEMER 


Committee Chairmen 


Membership Mrs. JOANN LANGSTON 
Program Мв. Boyp Lapp 
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Publicity Mr. HERBERT HALBRECHT 
Newsletter Mr. Winston С. Вижу 
Arrangements Mr. Prerre Down 
Lecture Series Dr. Ер СознЕМ 

Journal Mr. KENNETH WEBB 
Seminars Mr. J. А. JOSEPH 


At-Large Members of the Board of Trustees 


Mr. Tuomas A. GOLDMAN Mrs. Joann LANGSTON 
Dr: WILLIAM DORFMAN Dr. Joan P. MAYBERRY 
Dr. Davi» E. van Тим 


WORC Representative to WORC-ASPA 
Dr. WILLIAM DORFMAN 


ARGENTINE OPERATIONS RESEARCH SOCIETY 


The Argentine Operations Research Society announces that the first Argentine 
Day of Operations Research will be held at Buenos Aires from August 19-21, 1964. 
The Argentine Society has extended invitations to ORSA Members for this аз- 
casion. 


News and Announcements 


HONOLULU MEETING, ORSA WESTERN SECTION 


The Tenth Annual and First International Meeting of the Western Section of 
ORSA, Cosponsored by the Operations Research Society of Japan and the Uni- 
versity of Hawaii (College of Business Administration), was held September 
14-18, 1964, at the Princess Kaiulani Hotel, Waikiki, Honolulu, Hawaii. 

Welcome addresses were delivered by Малвтіх L. LurHER, President, ORSA 
Western Section, and Tae Номовдвтв Jonn А. Burns, Governor of Нашай. The 
Keynote address was delivered by Tum Номовлвьв CnHARuES J. Нітсн, Assistant 
Secretary of Defense, Comptroller, entitled “Defense Programming—Three Years 
Later." А special invited address, “Decision Problems in Military В & D," was 
delivered by Dr. Вовевт W. Восннегм, Chief Scientist оў U.S. Air Force for 1964. 

Свовав KIMBALL, ORSA President, was banquet speaker. 'THoMAs H. HAMILTON, 
President, University of Hawaii, offered a welcoming address, and Кимісні Кілмові, 
Director, Operations Research Society of Japan, read the luncheon address for 
Глідово Yasuxawa, President, ORSJ. The Meeting Chairman was Joun E. 
Warsa, System Development Corporation. 


MILITARY OPERATIONS RESEARCH SYMPOSIUM (MORS) 


'The 14th Military Operations Research Symposium, sponsored by the Office of 
Naval Research, will take place in San Diego, California on October 27, 28 and 29, 
1964. The symposium is invitational, and will be classified SECRET. The theme 
of the symposium is “Operational Data—The Foundation for Operations Research 
Studies”. In addition to general sessions at which contributed papers will be 
presented, there will be smaller working groups which will deal with the following 
topics: 

Anti-Submarine Warfare 
Arms Control and Disarmament 
Command and Control 
Education and Military Operations Research 
High Speed Target Acquisition 
Human Factors Intelligence Requirements 
Limited Warfare 
Logistics 
Theories of Combat 
Special Warfare and Counterinsurgency 
(For details of MORS organization, history, and details for regisiration, see Spring, 
1964, BULLETIN. Ed.) 


THE INTERNATIONAL FEDERATION OF OPERATIONAL 
RESEARCH SOCIETIES 
TThe Fourth International Conference on Operational Research 


At the invitation of the Operations Research Society of America, the Fourth 
Conference of the International Federation of Operational Research Societies will take 
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place at the Massachusetts Institute of Technology during late August 1966. As 
this notice is written the most likely dates appear to be August 29-September &, 
1966, with a small possibility of the earlier week of August 22-26 being choser.; 
the dates finally chosen will be announced shortly. 

The program committee invites suggestions as to papers, subjects, and session 
chairmen appropriate for this conference. Any such proposals should be sent to 
the Program Chairman, Martin L. Ernst, Arthur D. Little, Inc., Acorn Park, Cam- 
bridge, Massachusetts, U.S.A. before December 1, 1964. 

As was the case for the previous international conferences in this series, ал- 
tendance will be by invitation only. A quota of 100 has been established for tLe 
ORSA delegation; members desiring to be considered for inclusion in this quosa 
should write to the Society’s IFORS Representative, Huan J. Miser, The MITRE 
Corporation, Вох 208, Bedford, Massachusetts, 01780. 


Affairs of the Federation 


The Fifth Annual Report of the Federation, prepared by its Secretary, Рипор 
М. Mors, lists seventeen Member Societies and two Kindred Societies, as shorn 
in the accompanying table. 

The Hellenic Operational Research Society (HELORS) has been formed in 
Greece; its President is МАЈ. Gun. В. Spanoyannakxis (ret.), 27 Artemidos Stz., 
Papagou, Athens, Greece. Its application for admission to IFORS is expected 20 
be presented during 1964. 

Hues J. Miser 
IFORS Representative 


MEMBERSHIP IN IFORS AS OF JULY 1, 1963 
Member Societies 
Membership 


Entered Country Society оры TE Ош Voting 
1962 Argentina SAIO 193 116 11 
1960 Australia AJCOR 143 75 9 
1960 Belgium’ SOGESCI 23 23 5 
1960 Canada CORS 347 124 il 
1963 Denmark DORS 66 51 7 
1959 France SoFRO 912* 205* 14 
1962 Germany DGU 216 128 11 
1960 India ORSI 80 80 9 
1962 Italy AIRO 185 46 7 
1961 Japan ORSOJ 810 150 12 
1960 Netherlands SOR 255 45 7 
1960 Norway NORS 62 54 7 
1963 Spain SEIO 72 25 5 
1960 Sweden SOAF 146 140 12 
1963 Switzerland SVOR 333 86 9 
1959 United Kingdom ORS 1,030 338 18 
1959 United States ORSA 3,756 1,215 35 





Totals 8,699 2,901 189 
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Kindred Societies and Organizations 


1960 Air Lines Group AGIFORS 
1962 Kindred Society TIMS 
* Estimated 


Notes: For complete names and addresses of the member societies, see the inside 
back cover of the current issue of International Abstracts in Operations Research. 
For definitions of "qualified membership" and “voting power," see the IFORS 
Statutes in this Bulletin, 7 (1959), pages B-87 to B-41. 


SPANISH O.R. CONFERENCE 


The Third Annual Conference of the Spanish Operations Research Society 
(SEIO) will be held in Barcelona, during the last week of January 1965. Members 
of the Operations Research Latin American Societies are kindly invited to attend 
the Conference and to co-operate sending their papers. 

The Executive Committee is formed by Messrs. J. TogRENS-IBERN (Chairman), 
E. Ruiz Par (Treasurer), В. Companys (Secretary), L. Anocas and J. BÉJAR. 

Titles and an abstract of papers should be sent to: 

Pror. J. Torrens-IBERN 

Seminario de Estadística Aplicada e Investigación Operativa 

Escuela Técnica Superior de Ingenieros Industriales 

Urgel, 187 

Barcelona-11 (Spain) 
before 31 August 1964. Papers in revised form should be sent before 30 November 
1964. 


INTERNATIONAL CONFERENCE ON O.R. AND SOCIAL SCIENCE 


'The 1964 Conference of the Operational Research Society, London, was held 
September 14-18, 1964, at Gonville & Caius College, Cambridge. "This conference 
was supported by IFORS, and consisted of four major sessions as follows: (1) 
Organization and Control, the Study and Improvement of Present Systems, and 
Total Systems Deisgn; (2) Social Effects and Their Measurement, (3) Conflict 
Resolution and Control, (4) The Systems Concept as а Common Frame of Refer- 
ence. 


AGIFORS SYMPOSIUM 


'The Third AGIFORS Symposium (Airline Group, International Federation of 
Operational Research Societies) took place October 1-3, 1963, at Val Morin, Que- 
bec, Canada. Twenty airlines were represented. Proceedings were published in 
January, 1964. Non-members may obtain single papers, while the supply lasts, 
by writing AGIFORS Information Officer, Dr. Marvin RorusrEIN, Director of 
Operations Research, American Airlines, Inc., 633 Third Avenue, New York, N.Y., 
10017. Papers ranged from “The Early Reliability of Automotive Parts” by in- 
vited speaker M. Kamins, RAND Corporation, to “A Simulation Model of Airline 
Operations,” by К. Е. Jackson and J. U. M. Smith (BEA). Алис М. Les is 
Secretary-Treasurer of the Airline Group at Trans-Canada Airlines, Place Ville 
Marie, Montreal 2, Quebec. 
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FULBRIGHT-HAYS ACT 


Government grants for University Lecturing and Advanced Research have been 
announced under the above act through the Committee on International Exchanga 
of Persons, Conference Board of Associated Research Councils, 2101 Constitution 
Avenue, Washington, D. C., 20418. Although applications for awards reportedly 
closed August 1, 1964, detailed offerings for future years and openings still available 
1965-6 may be obtained from the address above, and & booklet listing possibilities 
in Europe, The Near East, South and East Asia, and Africa js available on request. 
Inquiries concerning possible assignments in any country are welcomed, and scholars arz 
invited to register their specific interests. 


AAAS MONTREAL MEETING 


The 13156 Annual Meeting of the American Association for the Advancement cf 
Science will be held in Montreal, December 26-31, 1964. А call for papers has beea 
issued. (See Science, May 22 1964, for complete preliminary announcement.) 
The meetings of the Society for General Systems Research are scheduled for this 
session, December 29-80. Speakers at this session will use the theme “Positive 
Feedback” as it applies to the following areas—international and political systems, 
business and economic systems, social systems, man and his internal systems, com- 
putation, control technology, and ecological systems. A panel discussion to ints- 
grate these presentations is also planned. 


UNIVERSITY OF TORONTO O.R. COURSE 


The University of Toronto has announced a Diploma Course in Operations 
Research for the 1964-5 Session. Designed to meet the needs of persons present-y 
employed in industry, the course is a full-time day course running from September 
through April. The program consists of eleven course segments, ten of which must 
be taken. Admission requirements are a B.Sc. in engineering, science, ог math»- 
matics. Write: Secretary, Faculty of Applied Science and Engineering, Universizy 
of Toronto, Toronto, Ontario. The academic fee for the program is $410. 


THIRD CONGRESS ON AUTOMATIC CONTROL 


The Third Congress of the International Federation of Automatic Control will 5e 
held in London, England, in June 1966. The manuscript deadline for papers frcm 
the United States is March 1, 1965. For further information contact: (AACC is 
American Automatic Control Council.) 

Dr. THEODORE J. WILLIAMS 
Chairman, AACC Applications Committee 
R and E Division 
Monsanto Chemical Company 
800 N. Lindbergh Bivd. 
St. Louis 66, Mo. 


Dr. Joan E. Gipson 
Chairman, AACC Theory Committee 
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Electrical Engineering Dept. 
Purdue University 
Lafayette, Indiana 


Dr. Herman В. WEED 
Chairman, AACC Components Committee 
Electrical Engineering Dept. 
Ohio State University 
Columbus 10, Ohio 


ACM SOUTHEASTERN CONFERENCE 


The Association for Computing Machinery Annual Southeastern Regional Con- 
ference will be held October 15-17, 1964 at the Atlanta Americana Motor Hotel, 
Atlanta, Georgia. For further information: I. E. Ревым, Georgia Institute of Tech- 
nology, 225 North Avenue, Atlanta, Georgia 80888. 


SYSTEMS ENGINEERING CONFERENCE 


The First Annual IEEE Systems Science Conference is to be held October 15- 
17 at the University of Pennsylvania. The advance registration fee of $8.00 should 
be sent to Mr. Н. С. Sparxs, Moore School, University of Pennsylvania, Philadelphia, 
Pennsylvania, by October 9. Registration forms and program may be obtained 
from Mr. Sparks. The program is divided into six sessions covering (1) Systems 
Theory, (2) Systems Optimization, (3) Systems Science Education, (4) Portable 
Concepts in Systems Science (Roundtable moderated by Dr. W. K. Linvill, Stan- 
ford University), (5) Systems Reliability, and (6) Systems Modeling. 


U. S. BUDGET O.R. LISTINGS 


(The following note was submitied by Ep Совнем, IAOR Contributing Editor. His 
Source was: U.S. Government Printing Office, “The Budget of the United States Govern- 
ment for the Fiscal Year Ending June 80, 1966: Appendix,” Part ПІ, pp. 963-1142, 
86.25. The reader may wish to compare these figures with his own knowledge of the 
level of military and government О.К. activity. Editor.) 

Part III of the US budget Appendix tabulates, by job title, the number of Civil 
Service personnel in each of the Federal Agencies, for those employees holding 
ratings comparable to GS-14 and above. It is interesting to note that the number 
of such positions bearing the title, “Operations Analyst” or “Operations Research 
Analyst? has roughly doubled since 1961, at which time some 160 people were so 
designated. That the job titles do not exhaust the list of OR specialists, however, 
is shown by the following tabulation, subject to the usual errors of reading many 
pages of tables in fine print. 


Department of the Army 0 
Office of Civil Defense 2 
Navy Department 
Office of Naval Research 11 
Bu Weapons 30 


Bu Ships 12 
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Bu Supp & Aecounts 4 
US Marine Corps 2 
US Air Force 190 
Department of Defense 50 
Federal Aviation Agency 13 
Atomic Energy Commission 4 
Dept of Agriculture 3 
Dept of Commerce 4 
Health, Education & Welfare 2 
US Coast Guard 1 
328 


Among the many job titles that might, or might not, include significant OR 
activities one can find Analysts of all kinds (Management, Program, Logistics, 
Information Systems, etc.), Scientists, Advisors, Special Assistants, Branch Chiefs, 
Mathematicians, Statisticians, and Economists. There were 980 Systems Analysis 
listed, of which 904 were in NASA. 


JOB OPPORTUNITIES 


Headquarters, Defense Supply Agency anticipates openings in its Logistzc 
Systems Design Division. Persons specially qualified in operations research, simu- 
lation, probability statistics, or automatic control engineering are invited to applz. 
Applicants should have facility in the use of mathematics and computers and n 
the design of experiments. Experience should preferably have been in the analyses 
or design of business-type systems pertaining to military logistics or civilian ente-- 
prise. Grades and salaries are open, commensurate with background. 

Resumes and requests for additional information should be addressed to: 

Chief, Logistic Systems Design Division 
Headquarters, Defense Supply Agency 
Cameron Station 

Alexandria, Virginia 22814 


PERSONAL NOTICES 


The University of Pennsylvania has announced that RussEnLL L. Ackorr has 
been appointed Professor of Operations Research and Statistics. Joining Prof. 
Ackoff at Penn are Gren D. Camp, Professor, S. SANKAR SENGUPTA, J. Savor 
Minas, Associate Professors, Frank Benson, Visiting Associate Professor, Mas 
W. MARTIN, JR., Assistant Professor, Ем S. Margs, Research Associate, and 
УтиллАм W. ABENDROTH, Lecturer. This group was formerly with the Operations 
Research Group, Case Institute of Technology, where Dr. Ackoff was Director. 

Бовевт Е. Rinewarr has returned to Case Institute of Technology as Professor 
of Mathematics after a two-year leave of absence as Director of Research of the 
Weapons Systems Evaluation Group of the Department of Defense. 

PAUL SOMERVILLE has been appointed Chairman of the Graduate Department 
of Mathematics, Brevard Engineering College, Melbourne, Florida. Dr. Somerville 
is also head of the Analytical Support Unit of Systems Analysis at RCA's Missile 
Test Project at Cape Kennedy. 
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Dr. Тівов Fastan, formerly Executive Vice-President, has been elected Presi- 
dent of Mathematica. 

Douglas Aircraft announces the appointment of Dr. CARROLL L. ZIMMERMAN, 
SR., as Director of Aerospace Science, and also that Dr. плам W. Fa, his wife, 
Dr. Janice S. B. Far, and Dr. А. С. Aswap have joined the aerospace sciences 
department. 

The United States Air Force announces the following appointments in Орега- 
tions Analysis, Office of the Vice Chief of Staff, Headquarters, United States Air 
Force: To Deputy Chief, Dr. WALTER L. Desmer; to Chief, Research Team, Dr. 
Jonn P. MAYBERRY; to Chief, General War Team, Вевавх R. Suypam. 

Murray Greyson has been appointed Deputy Director of the Operations 
Model Evaluation Group, Air Force (OMEGA), operated by Technieal Operations 
Research for the Air Force. 

Dr. H. М. Lapen has been named Director, Data Systems, Chesapeake & Ohio 
Railway Company—Baltimore & Ohio Railroad Company. The С & О and the 
B & О are affiliated and coordinating numerous activities during the period of 
control as & step toward merger. 

S. J. Derrcuman has been promoted to the position of Special Assistant to the 
Deputy Director, Tactical Warfare Programs, Office of the Director of Defense 
Research and Engineering, Institute for Defense Analysis. 

The Social Security Administration of the Department of Health, Education, 
and Welfare, announces the appointment of Joun Hunron Moss as Operations 
Research Director in the Central Planning Staff. 

Dr. Arex L. Hart, formerly Executive Director, New York-New Jersey Trans- 
portation Agency, has joined H. Zinder & Associates, New York City, as Director 
of Transportation Activities. 

SIDNEY ZIMMERMAN has been appointed to the post of corporate vice president, 
finance, at Operations Research Incorporated. 

The following appointments have been announced at the Center for Naval 
Analysis (CNA): Dr. Leo S. Mason has been awarded a Franklin Institute Scholar- 
ship as part of the CNA professional development program. ЕвАмк P. Ranpazzo 
has joined the Operations Evaluation Group of CNA. Еверввіск W. CLEAVER 
has been assigned to the Naval Warfare Analysis Group. Donarp Е. Murr has 
joined the Operations Evaluation Group. CNA. СМА also announced that fifteen 
graduate scientists have been accepted for positions as summer interns. These 
men and their disciplines are as follows: Ковевт К. Амкном, Harvard, economics; 
Barry Raymond Снівмтск, Columbia, economics; Рипар Leg Comen, Stanford, 
economics; PETER Dorrinerr, Harvard, economies; PETER Enis, George Wash- 
ington, mathematics; Ricuarp Garrerr, Northwestern operations research; 
Кемметн Horrman, Harvard, mathematics; Ann Carotyn JonwsoN, Stanford, 
mathematics; Uwe Korsn, University of Illinois, statistics; WiLLIAM MARTIN 
Lanpss, Columbia, economics; Eric Jon Отзом, Duke, economics; Віснаво Вір- 
1NGs, University of Wisconsin, electrical engineering; EDWARD GORDON SANDERS, 
Yale, economics; Ковент ALAN Scuwartz, Columbia, economies; Winiram Hoyr 
WirHERELL, Princeton, economics. Dr. PETER А. Core has been named Director 
of the Institute of Naval Studies (INS). (CNA is composed of the Institute of 
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Naval Studies, the Operations Evaluation Group, and the Naval Warfare Analysis 
Group and is a division of the Franklin Institute of Pennsylvania.) 

The Institute for Defense Analysis (IDA) announces the following appoiat- 
ments: Dr. STANLEY WINKLER to the professional staff and Јоѕерн A. Navarro 
to the Research and Engineering Support Division. 

The Research Analysis Corporation (RAC) announces the following appoiat- 
ments: DANIEL E. COWGILL, JUDITH А. BANCROFT, GILBERT В. Rozran, JANE-Rana 
Frrz Crane, Jonn В. Bossenaa, Grorer H. SCHAEFER, Јлсов М. Јонмвох end 
Еми, М. Szren, technical staff members. 

Dr. Lynn H. Rumpaves, 60, long a senior staff member and Research Director 
at the Research Analysis Corporation died March 11, 1964 at his home in Bethesda, 
Maryland. Dr. Rumbaugh joined the predecessor to RAC-—the Operations Зе- 
search Office of The Johns Hopkins University—in 1950, and his subsequent re- 
sponsibilities included serving as acting Director during the transition period in 
1961, when ORO became RAC. 

Моввлу L. EISENBERG, 45, member of the technical staff at Research Anal-~sis 
Corporation, died Tuesday, July 7, 1964, of cancer at Holy Cross Hospital, Silver 
Spring, Maryland. Mr. Eisenberg began his career as a journalist, became an 
economist with the War Production Board, and served as head of the management 
statistics branch, Bureau of Ships, Department of the Navy, before he joined RAC. 

Torn М. MANIELSEN has been appointed Head of Operations Researck at 
Elektriska Svetsnings AB (ESAB), Gothenburg, Sweden. 

ELIEZER Nappor has been promoted to Professor of Operations Research, Jchns 
Hopkins University. Не is presently on a Fulbright Grant to lecture оп Operat-ons 
Research at the Helsinki School of Economics and at the Swedish School of Eccno- 
mics, Helsinki, during the academic year 1964-5. 

Вовевт E. Macnor is Head, Department of Systems Engineering, Colleg» of 
Engineering, University of Illinois, Chicago. He resides at 741 Sheridan Road, 
Evanston, Illinois. 


EALERECHP РУ 


Below are some of the positions we are being asked to fill. Complete details of 
these and many others are available on request. All inquiries are treated confi- 
dentially. All charges are assumed by company clients, 


O.R. MANAGER Industrial New York $20,000 
O.R. MANAGER Consulting New York $20,000 - 
O.R. MANAGER Mgt. Systems Washington, D. C. 525-30,000-- 
O.R. MANAGER Industrial Midwest $20,000 
INDUSTRIAL O.R. : 58-19,000 

New York City Los Angeles Minneapolis 

New Jersey St. Louis Cleveland 

Washington, D. C. Kansas City Pittsburgh 

Philadelphia Chicago Suburban New York 

San Francisco Houston Boston... etc. 
MILITARY O.R. 520-30,С00 


Washington, D. С. 
Long Island, N. Y. 


$10—19,C00 
Washington, D. С. Long Island, М. Y. 
Florida Minneapolis 
Los Angeles St. Louis 


New York State New England ...etc. 


ALL OUR CHARGES ARE ASSUMED BY OUR EMPLOYER CLIENTS 
ALL INQUIRIES WILL BE TREATED CONFIDENTIALLY 


Please contact our office in your preferred geographic area. In the event you do not 
have geographic limitations, our offices can provide national coverage. 


We will be attending the joint ORSA-TIMS 
meeting in Minneapolis, Minn. on 


Oct. 7-9 





HALBRECHT ASSOCIATES, INC. 





HERBERT HALBRECHT MISS NATALIE S. LANG 
4641 Montgomery Avenve 332 South Michigan 
Bethesda, Maryland (suburb Wash. D. C.) Chicago 4, lllincis 
(301) 656-9170 (212) НА 7-2876 
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NYANSTITUTE 


RESEARCH TRIANGLE PARK 
NORTH CAROLINA 


excellent opportunities 
immediately available 


OPERATIONS ANALYSTS 


IMAGINATION and resourcefulness are | 


needed at all levels for expanding programs 
in civil and military defense, information- 
management systems, transportation, бех- 
tile and other types of industrial operations 
research. Unusual opportunities are of- 
fered experienced operations analysts and 
exceptionally well-qualified recent gradu- 
ates in mathematics, statistics, engineering, 
the physical sciences, and economies. Abil- 
ity to write fluently is essential. 
STIMULATING environment for profes- 
sional and cultural development is provided 
by close association with the Triangle uni- 
versities: Duke, University of North Caro- 
lina, and North Carolina State. Nearby 
mountains and beaches enhance pleasant 
living conditions. 

APPLY—pbut only if prepared to meet the 
continuing challenges of interdisciplinary 
projects and deadlines! 


For further information, 
please write: 


Dr. Edgar A. Parsons, Director 
Operations Research Division 


RESEARCH TRIANGLE 
INSTITUTE 


Box 490, Durham, North Carolina 
An independent non-profit research organi- 
zation located on its own campus in North 
Carolina’s Research Triangle Park. 


“An equal opportunity employer” 


CHALLENGING OPPORTUNI- 

TIES IN RESEARCH AND DEVEL- 

OPMENT | 

Ж 2 Several responsible posi- 
tions in operations research 
and systems analysis related 
to new advanced under- 
water weapon systems Op- 
portunities to develop and 
apply new techniques. 
Participation in weapon 

^ cost/effactiveness, optimiza- 


tion of parameters, and 
lull probability studies. 


OPERATIONS 
RESEARCH 


WEAPON 
SYSTEM 
ANALYSIS 
Faculty appointments, Op- 
portunity to participate in 
the organization of & grad- 
uate curriculum in Opera- 
tions Research. Excellent 
working and living condi- 
- tions 
ORDNANCE RESEARCH 
LABORATORY 
ТНЕ PENNSYLVANIA STATE 
UNIVERSITY 


P.O Box 30 


State College, Pennsylvania 16801 
Send Resume te Personne! Director 


POSITIONS 
OFFER 


AN EQUAL OPPORTUNITIES EMPLOYER 


Moving? 


If so, please share the informa- 
tion with the Business Office so 
that you don't miss any of your 
JOURNALS. Send us your old ad- 
dress and your new address and 
your new (current) business affili- 
ation. 


Operations Research 
Society of 
America 


Mt. Royal & Guilford Aves., 
Baltimore, Maryland 21202 





Applied Mathematicians 
Operations Analysts - Applied Physicists 


Sophistication 


Sophistication in approach, diversity in programs . . . these are 
the first, and lasting, impressions of Booz:Allen Applied Research 
received by the new professional staff member. If he is the type 
of person stimulated by the chance to participate in broad inter- 
disciplinary applied research assignments, he finds us a гетагкаНу 
good place to work. Challenge follows challenge, and growth is 
swift. 

Right now is an opportune time for the creative mathematician, 
statistician, operations researcher, physicist or engineer to con- 
sider a career appointment at Booz:Allen Applied Research. Our 
record of achievement in the advanced reaches of astronautics, 
communications, transportation, computer technology and naval 
warfare—to cite just a few—has generated growth, opening up 
broad new avenues of career opportunity. Investigate them; write 
Mr. Robert Flint, Director of Professional Appointments. 


BOOZ+ALLEN APPLIED RESEARCH inc. 


4815 Rugby Avenue, Bethesda, Maryland 20014 
Washington * Cleveland * Chicago * Los Angeles 
An equal opportunity employer 





JOIN THE 
MANAGEMENT SYSTEMS DIVISION 
LEADERS OF ORI 


i 


morum 


The Management Systems Program of Op- 

erations Research Incorporated is continuing 

its rapid expansion to meet new challenges 
and responsibilities in: 

* Design / development / implementation of 
advanced management systems providing 
control over time, costs, reliability, and lo- 
gistics 

* Data processing 

* Information retrieval 

* Economic analysis 


* Human factors planning aud analysis 
Senior-level positions with exceptional poten- 
tial in these and related areas are now of- 


y 


й 
> 





fered to management systems design engi- 
neers, statistical and mathematical economists, 
EDP specialists, applied mathematicians, in- 
dustrial engineers, and psychologists. These 
career openings require B.S. degrees (M.S. 
or Ph.D. preferred) with minimum of 3-5 
years’ experience, and demonstrated techni- 
cal achievement. They involve assignments 
on nationally significant projects for indus- 
try, government, and the armed forces. Posi- 
tions are at ORI’s new headquarters building 
in a residential suburb of Washington, D.C. 
For further information, please send a brief 
resume to Dr. Donald Orkand, Assoc. Di- 
rector for Management Systems. 


OPERATIONS RESEARCH 
INCORPORATED 


1400 Spring Street, Silver Spring, Maryland « Suburb of Washington, D.C. 
Ап equal opportunity employer 
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пом that we've got ` 


a new code for Linear: Programming 


we’ ve got to find 


| people to administer it. 


prospects we’ ve got. 


ALPAC is the code. It opens exciting 
possibilities. 


Also jobs. 


It was designed to take advantage of the 
speed and versatility of IBM 7094s. 


Do you like those 7094s? Would you like ` 


to help us meet the challenge of solving 
business problems through the fascinat- 
ing techniques of Linear Programming? 


If so, there’s room for you in one of our 
offices. 


9 
New York? Washington? Chicago: Dallas? 
Houston? Palo Alto? Los Angeles? 


Decide where. Then write Dale J. Вааг, 


He's Technical Director of SBC's Com- 
puting Sciences Division at 635 Madison 
Avenue, New York. 

He'll help you bea рен ої 

tomorrow. 

Today. 


THE SERVICE BUREAU CORPORATION 
AN EQUAL OPPORTUNITY EMPLOYER 





HOSPITAL RESEARCH 


WE NEED: Ап INDUSTRIAL ENGINEER-SYSTEMS ANALYST who 
wants a challenging career in the young and rapidly 
growing field of HOSPITAL RESEARCH. 


ASSIGNMENT: With a multi-discipline team, to plan and conduct 
research on alternative architectural designs and 
systems of operation in a new 500-bed hospital build- 
ing. 


QUALIFI- Ph.D. or study beyond master's level in OR, work 
CATIONS: measurement, mathematics, statistics, experimental 
design. Experience in problem-solving, applied or basic 
research. 
Skill in verbal and written communication; at ease in a 
hospital-medical environment. 
Desire for service-oriented work of benefit to man's 
health and economic interests, 


























LOCATION: А quiet community, exceptional in cultural, educational, 
recreational and health facilities including the Mayo 
Clinic with which the hospital is affiliated. 


SEND RESUME: To Mr. Harold Mickey, Administrator, Rochester Metho- 
dist Hospital, Rochester, Minnesota. Questions wel- 


| comed. 








MANAGEMENT SCIENCE 


QUARTERLY JOURNAL OF THE INSTITUTE OF 
MANAGEMENT SCIENCES 


Make TIMS your information center for 


new ideas in the Management Sciences 
e 


For membership and subscription information write to 


THE INSTITUTE OF MANAGEMENT SCIENCES 
Box 626 
Ann Arbor, Michigan 





MAN AND HUMAN PROGRESS ... ONE IN A SERIES 


* Those who hate war must have 
the power to prevent и.” 


So said James V. Forrestal. And he gave us this 
power, just as he understood its necessity. The 
nation’s first Secretary of Defense, he was prin- 
cipal architect of the defense establishment as 
it stands today. 


Forrestal’s name recalls a ceaseless determi- 
nation to save the country from its postwar 
complacency. He is remembered, too, as the 
dynamic administrative shipwright of our two- 
ocean armada in wartime, as one of the first 
to recognize the true nature and dimensions of 
Communism’s menace, and as the diarist of a 
critical period in our history—when his wise 
and firm counsel proved invaluable to our 
national purpose. 


In the national interest the 
Research Analysis Ccrpo- 
ration applies scientific 
thought to major тату 
technical, economic, a 
political problems. Non- 
profit and multidiscipliaary, 
RAC invites scientists and 
engineers with advanced 
degrees and superior capa- 
bilities to investigate its ca- 
reer opportunities; please 
send your resume to Mr. 
John G. Burke, Professidnal 
Staffing, Research Analysis 
Corporation, McLean, Vir- 
ginia 22101 (suburb of 
Washington, D. C.). Аз 


equal opportu- GL» 


nity employer. 
RESEARCH ANALYSIS CORPO2ATION 





JOURNAL OF THE AMERICAN 
STATISTICAL ASSOCIATION 


Volume 59 Number 307 
September 1964 

One sample limits of some two-sample rank tests .................... Lincoun Е. Mosss 

On the normal scores two-sample rank test .... ........................ JEROME KLOTZ 

" Robustness of some procedures for the two-sample location problem...... Јонм У. Pratr 


Minimum variance, linear, unbiased seasonal adjustment of economic time series 
Dare W. Jorgenson 


Taking а covariable into account  .... ............................ Irwin D. J. Bross 
The use of wealth to compare households’ average saving................ PHILLIP CAGAN 


Income, wealth, and the demand for money : some evidence from cross-section data 
Тома Ном Les 


Bayesian analysis of the regression model with autocorrelated errors 
ARNOLD ZELLNER AND GEoncE C. Тіло 


Some comparisons of methods of fitting the dosage response curve for small samples 
Емлот M. CRAMER 


Analysis of empirical bivariate extremal distributions. .Е. J. GUMBEL AND NEIL GOLDSTEIN 


А new class of Чезїрї8............................ .............. С. Ramanxurry NAIR 
Linear regression analysis with missing obearvaiions among the independent variables 

. GLASSER 

Iterative estimation of а set of linear regression equations ........ Lester С. TELSER 
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